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WAR DEPART.ENT
UJITED STATAS ENGINERR OFFICE
3D FLOOR, PARK SQUARE BLDG.
31 ST. JAMTS AVENUE
BOGTOH, MASS.

September 27, 1940

Subject:-’Revised Definrite Project Report for Hopkinton-ZEverett
Regervoir - Merrimack River Basin

To: The Chief of FIngineers, U.S5. Army, Through the Division
Ergineer, North Atlantic Division, New York, N,7.

1. ProJject Authority.- The Hopkinton-%verett Reservoir
deseribed herein is propeosed as an element of the comprehensive
plen for flood control and other purposes for the Merrimack River
Basin, authorized by the Flood Control Acts approved Juns 22,
1936 and June 28, 1§38, and as described in the Annual Report of
the Chief of Engineers for 13940,

2., Previous Investigations.- (a; The investigations and
studies uwpon which the authorized project for the Merrimack River
Basin is based are deseribed in House Document No, 689, 75th
Congress, 3d Session., A comprehensive plan of flood control reser-
voirs and related flood control works, at en cstimated total cost
of $21,000,000, was recomaended in that document. 4 preliminary
definite proJect report recommending Hopkinton-Everctt Heservolr
as an eclement of the comprehensive nlen wns submitted on September
16, 1939, (E.D. 7402(Merrimack R., Contoocock Diversion)l). This
repart was approved on October 1Y, 1939, to the extent of smthor-
izing thc continuation of field investigation. A final dofimnito
project report was gubmitted on February 1, 19h0, (B.D. Tuo2
(Merrimack R., Hopkinton-Everett Res.)~8), and approved on March
12, 1940, subject to further consideration of the outlet capacity
for BEverett Dam. Prior to final design of the Fopkinton~Everett
project, the consent of the State of Wew Hampshire to acquisition
of land was reguested on March 13, 1940, In the course of a series
of hearings held by the State on this matter in Nay 1940, the only
major objection to the project expressed by local interests was
thet it required the removal of the Davis Paper Co. and the village
of West Hopkinton. Representatives of this office explained that
studios were then undsr way for a revised lay-out which would meke
umecessary the removal of the poper company and the village. The
objectors indicated thut the plan would then bve satisfuctory to them.



(b} During the same hearings referred to above, the
Federal Power Commission formally proposed & system of reservoirs
in the Contoocook River Basin as an alternate to the propesed
Hopkinton-Everctt Reservoir., The Department thereupon undertook
detailed investigation of the Commission'!s provosal. A report on
the results of thege studies, together with an snalysis of the
respective merits of the Commission's plan and Hopkinton-Everctt
Roservoir, was submitted on August 12, 1940, (E.D., 7497-213),
The report, which concluded that the Hopkinton-Everett project and
other related projects previously selected by the Chicf of Enginecrs
for the comprehensive plan were superior to the Commission's plan,
was approved on August 26, 19LC,

3. Scope of This Report.~ A revision of the definite project
rerort for Hopkinton-Evcrett is submitted at this time, (1) to toke
into account the further consideration of the outlet capacity for
Bverctt Dam referred to above, and (2) to present for spproval a
revised lgy-~out of structures which will reduce the extsnt of dis-
ruption of local affairs necessary for the project. The gencral
plan of the project has not beoen altered since the smpproved February
1 report. The approved spillway design criteria have not been
changed, and the reservoir capacity, total ccst and ratio of bene~
fits to costs have been only slightly modified as a result of the
rovisions herein,

Y, Definite Project Plan.- (a) Relation to Other Flood
Control Projects.- Data on the proposed Hopkinton-Everett Reser-
volr and the related projects selected by the Chief of Eagineers
under the general Merrimack Basin authorization (paragraph 1) are as
follows (see Plate 1):

Drainage Storage Estimated
Ares Capacity Total

__Project (sq.Mi.) (Ac.—~Ft.) Cost Status
Franiin Falls 1000 170,000 ¢ 7,883,000 Under construction
Blackwater 128 4§, 000 1,300,000 Under construction
West Peterboro L 16,000 1,011,000 Def.proj. approved
Hountain Brook 14 4. 800 344,000 Def.proj. approved
Hopkinton-Everett 432 157,000 11,300,000 -

Total 1618 393,800  $21,838,000 -

(b) Location and Description.- The proposed Hopkinton—
Everett Reservoir is located within the towns of Henniker, Hoplin-
ton, Weare and Dunbarton in Hillsbore und Merrimack Counties,
Merrimaeck River Basin, New Hampshirec, (sec Plates 1 and 2). The
proposed reservoir will be formed by a dam, a canal (¥o, 1), and
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two dikes (H~2 and H-3) in the Contoocook River Basin upstream from
the village of West Hopkinton, and a dam and two dikes (P~1 and P-2)
in the Piscataguog River Basin near the Everstt railroad station
(no longer used). The separate storage areag tlms formed in the
Contoocook and Piscataquog River basins will ve connected by =a
canal (No, 2) of sufficient capacity to cause the storage areas to
function as a single reservoir. The combination reservoir will not
interfere with the low-water flows of either the Contoocook or
Piscataguog Rivers. Stream flow conditions at all points below the
project will not be adversely affected at any time arnd will be
materially benefitted during flood periods.

{e) Reservoir Capascity.- The reservoir design flood
has a volume equivalent to about 11.5 inches of run-off and is
similar in magnitude and manner of occurrence to the flood of March
1936, the maximum of record. Based on the relation of corresponding
storage nnd discharge capacitics required to control the roservoir
design flood, a total reservoir gapacity of 157,000 acre~feet
(6.0 inches) and a total rescrvoir outlet désign discharge of &,000
second~feet were selected. This cepacity is cbtained at pool eleva-
tion U412, which was adopted for the West Hopkinton spillway crest

éIbvation. The spillvqy at Everett Dam was st at Bl, 41k in order

fo 1imit ¥he fregu uency and nhount of spillway diaghargaﬁgnnjgﬁ
Piscataguog River and thus preserve a balance with respect to the

cnonnel capacities of the two rivers. {nvolved. Similar considera-
tions governed the selection of the design discharges for the
outlets at the two dams. The maximum capacity of the reservoir,
based on control of the gross drainage area of 490 square miles, is
equivalent to about & inches of run-~off., The proposed projects of
Mountain Brook and West Peterboro, which are upstream from Hopkinton-
Everett and which reduce the drainsge area to be controlled by
Hopkinton-Everett to W32 gquare miles, are small projects designed
rrimarily for local coutrol. They have little pructical effect on
the desigrn criterin for Hopkinton-REverctt Reservoir, principally
because of the method of cperation propssed wherein the ontlets at
the West Hopkinton Dam will be shut off entirely for a portion of
the flood period in order to obtain the maximum desynchronization
of the Contoocock River flood peak at its Junetion with the main
stream of the Merrimack and thus obtain the maximum flood redus-
tion effect at the principel damage centers on the Merrimack.
Furthermnre, no economic adveantage is grirned by adopting a lessger
storage capacity than 6 inches over the 4GS0 square miles for
Hopkinton-Fverett because the costs of the lesser storage are not
pronortionately less, This is illustrated by the cost curve on
Plate 26, The cost of storage in the range from 5.1 tc H inches
is practically constant, due to the fact that, for leaser storage
with its corresponding lesser cost for dams and dikes, there is an
increased cost for deeper canals. Details of the reservoir design
and hydraulle factors are glven in Appendixes A and B,
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(d) Conservation Storage and Power Development Possidili-
ties.~ The cost of obtaining additional storage above the adopted
capacity of 157,000 acre-feet is excessive, as illustrated by the
abrupt upward sloping of the cost curve on Plate 2h, This sharp
increase in cost for additional capacity 1s due principally to the
excessive costs for land, relocations and rights-of-way which would
result in the town of West Henniker at the upstream end of the
Contoocook River portion of the reserveir as now proposed. The
prospective benefits of couservation storage use and power develop-
ment are not sufficient to warrant the excessive costs of
additional storage. If desired at some future date, the pronosed
Hopkinton-Everett Reservoir could be utilized for multiple purposes

by reallocation of the storage copacity selected at this time for
flood control alone. Such multiple~purpose use would be feasible
if additionnl flood control and conservation storage were developed
upstream from Hopkinton-Everett in such amount as to permit
utilizgation of about 30,000 acre~-feet of storage in the Hopkinton
(Contoocook River) scction of the reservoir for conservation
purposes. If this were done, it would be feasible to install %,000
kw. of generating capacity for a primary load factor demand of
approximately 20 per cent. The present design of structurcs is
such that no provisions are necessary at this time for the utiliza-
tion of the reservoir for c¢caservation purposes in the future.
Also, no provisions are nccesspry for the possible future power
installation, since this can be accomplished at any time in the
future at & site near the propesed spillway adjacent to Dike H~3.

(e) Time Required to Fmpty Reservoir.- Sufficient outlet
capacity will be provided in both dams to double the outlet design
discharge for emptying purposes. With this capacity the West Hop-
kinton section can be emptied from full pool in 5 days and the
Everett section emptied in 12 days. Three inches, or one-half of
the total storage of the reservoir, will be recovered in 3 days.
Five inches, or 83% of the total storage, will be recovered in less
than 7 days.

(f) sSpillway Requirements.- Spillways will be oprovided
at both dams with a total capacity sufficlent to pass a spillway
design flood with a total volume of 17.7 inches and a pesk inflow
of 137,500 second-fezt, which is about four times the estimated
maximum inflow of record for the drainage area contrelled, The
peak inflow of the splllway design flood has a coefficient "CO" of
$,220 in the relation, Peak Discharge = C VDrainage Area .
Freeboard of from 5.5 to 6.7 feet is provided for the various dams
and dikes involved, based on the requirements for wave action,
ride-~up of waves, and wind set~up as outlined in Engineer Bulletin
R. & H. No. 9, 193B. Details of the spillway requirements are

-
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5. Description of Structures and Work Involved.-~ (a) Reser-
voir Area.- The reservoir area at El. 412 is 6,300 acres, of which
approximately 66% ie wooded, 14% is in pasture, and 20% is tillable.
Only one small center of population, the village of East Weare, in-
volving less than 90 persons, is included in the reservoir area
under the revised lay-out. The village of West Hopkinton, which
was affected under the lay-out originally considered, will not be
disturbed with the vroject ns now proposed. The project will
involve the relocation of approximately 21 miles of roads and high-
ways, 5.25 miles of railroed, and 2,880 graves distrituted in 5
cemetéTTés, The various structures required for the reservoir may
be divided into thrce gencral groups in which the construction
operations are related: (1) West Hopkinton structures, including
West Hopkinton Dam, Dikes H~2 and B-3, Canal ¥o., 1, and the
spillway;: (2) Everett Dam; (3) Canal No. 2 and Dikes P-1 and P-2.
Geology, so0ll and design data for mll structures as described in
the following pnragravhs are given in Appendix C. A detailed
estimate of cost is given in Appendix D,

(b) West Hopkinton Dam.- The location formerly pro-
posed for this dem was about 1/2 mile downstream from the village
of TWest Hopkinton on the fontoocook River. The site now propesed
is about 1/4 mile upstresm from the village of West Hopkinton.

The structure will consist of an earth embankment with a length

of 670 feet, maximum height of 75 feet, and a gross volume of
240,000 cubic yards. The dam will contain two reinforced concrete
outlet conduits. Fach condult will be 11 feet wide by 13 feet
kigh and will be controlled by two 7!x10! gates,

(e) Caral No, 1 will be loeated jJust upstream from West
Hopkintorn Dam and will consist of a chanrel cut through the ridge
separating the Contoocook Riwver and Elm Brock valleys. The maximum
depth of cut will be sbout 110 feet. The total length of the canal
will be 2,050 feet, with a bottom width varying from 130 to 150
feet for a length of 1,130 feet, which conatitutes the principal
gection of the canal. The excavation from Canal Ho. 1 will be
utilized for fill in West Hogkintor Dam and Dikes H-2 and H-3.

(4) Dike H~2 is located on Flm Brook above its Jjunction
withthe Contooecock River. The dike will have a total length of
3,A00 feat, maximum height of 70 feet, and a gross volume of 986,000
cubic yards of rolled earth and rock fill.

{e) Dike H~3 will be located between the Xlm Brook and
Contoocook River valleys. The prouwosed structure will consist of
an embankment with a total length of 3,900 feet, maximum height of
60 feet, and a gross volume of 8U0,000 cubic yards of rolled earth
and rock fill,



(f} West Hopkinton spillway will be located adjacent to
Dike H~% and will consist of a channel 300 feet wide with a con-
crete weir 650 feet long founded on bedrock., The earth excavation
for the spillway will be utilized for Dike HE-3. Rock excavation
will be used for West Hopkinton Dam, Dikes H-2 and H-3, and for the
floor and side slopes of Canal No. 1.

(g) ZEvereit Dgm.- The site for the proposed dam is
located on the Piscataguog River approximately 1-1/2 miles south~
east of the village of East Weare, New Hampshire. Everett Dam
will coneist of an eurth embankment 1,250 feet long with a maximum
height of 115 feet and a gross volums of approximatsly 1,000,000
cubic yards of rolled carth and reck fill., The outlet works will
congist of two rectangular conduits 7 feet wide by 8 feet 6 inches
high, each contrelled by a 7- by $foot gnte. The spillway will
be of conerecte, 222 feet long, and founded on bedrock throughout.

(h) Canal No. 2 will connect the valleys of ¥lm Brook
(Contoocook River Basin) and Choate Brook (Piscataquos River
Basin)., The proposed canal will have a total length of mbout
14,500 feet, a bottom width of 170 feet, and will require the sxca-
vation of 1,500,000 cubic yerds of earth and 84,000 cubic yards of
rock. RExeavation materials will be utilized in Dikes P-1 and P-2.

{i) Dikes P~1 and P-2 will de located near the north~
east cxtremity of the Zverett section of the ressrveir. Dike P-1
will have a top length of 3,550 feet, maximum height of U feet,
and a gross volume of 480,000 cubic yards of fill. Dike P=2 will
have a top length of 2,350 feet, maxiwum height of 27 feet, and
gross volume of 120,000 cubic yards.

(j) Time reguired for construction will be from two to
four years, depending on the rate of progress desired (see Appendix
C, Part V, "Construction Procedure")., It is estimated that con-
struction operations can be started about six months after the date
of approvael of this revised definite project report, assuming
consent to the acquisition of lands for the project has been obtained
from the State of New Hampshire (see paragraph 8).

6. Bstimated Cost.- A detailed estimate of cost is given in
Avpondix D, The estimated initial cost is summerized as follows:

Land, rights-of-way and relccations . . . § 3,325,000

Coustruction (including 2 dams, % dikes
and @ canals) . . . - . . . . . .. .. 7,975,000

Total $11, 300, 000



The annual carrying charges computed on the basis of 3-1/2% inter-
est on the lnvestment, with amortization 6f fixed perts in B0 years
and. of movable parts in 25 years, and including an allowance for
operation and maintenance of $10,000, amount to $517,000, The
foregoing coste include allowance for relocation of railroasds af-
fected by the reservoir, The railroad in question, however, is
vperating for freight traffiec only at this time. It is possible
that sbandonment of the line may be obtained end arrangements made
to provide freight gervice from another direction at lesa cost
than necessary for rslocation of the present line. If this should
occur, the estimated cost will be $700,000 less than indicated
nbove,

7. Economic Analysis.— Hopkinton-Everstt Reservoir is pro-
posed as part of the authorized comprehensive reservolr system for
the Merrimack River Basin, The proposed project, togethsr with
the other reservoirs selected for the plan, will control about 32%
of the total Merrimack River Basin area and will afford flcod con-
trol benefits amounting to $1,143,000 annrually, or nearly three-
fourths of the total estimated aversge annual flood losses in the
bagin, Control of the Contoocoolk River is essential for a satis-
factory comprehensive flood control vlan of the Merrimack River
Basin. The proposed Hopkinton~Zverett Rescrvoir has been found to
be the most practicable project for thig nurpose. The overail
ratio of benefits to costs of the comprehensive plan, including
Hopkinton-Everett, is 1.13,

. Loeal Cooperation.- {a) Desires of Local Interests.~ As
mentioned in paragraph 2, consent of the State of New Hampshire to
acquisition of lande for the project, as originelly propcsed, was
requested on March 13, 194C. At a series of hearings held by the
Stats in this connection, no objections were received from the
local intersats in the vicinity of Hast Weare, one of the cosmuni-
ties affected by the plan., Residents of the town of Hovkintou,
however, obJected to the proposed removal of the Davis Paper Com-
pany, their principel industry, and the disturbing of the village
of Weet Hopkinton. It was brought out at the hearings, however,
that loenl intcrests would have no objJection to the project if the
Davis Papor Company and the village of West Hoplktinton were not
affected. Since the reviged lay-out of structures proposed at this
time accomplishes this objective, it is believed that there will bde
no serious objlection to the projeet on the part of loeal interests
and that consent of the State to the pequisition of lands will be
forthcoming,

{b) Local Contribution Required.~ Since this project is
a reservoir affording general flcod contrel benefit and 1s propesed
for construetion under a general basin project authorized by the
Flocd Contrel Act of 1938, no local financial contribution is
required,
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9, Recommendation.~ It is recommended that the foregoing re-
vised definite project plan, which provides additional ouitlet
capacity for Everett Dum and which includes a revised lay-out of
structures invelving less disruption of loecal affairs thon previously
required, be adopted.

L. B, Gallagher
Lieut. Col., Corns of Engineers
Digtrict ZEngincer

Apprndixes:

- l[ydrology Rcport

-~ Hydraulics

Gcology, So0il and Design Data
— Detailed Estimate cf Cost

~ Illustrations
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DEFINITE PRGJECT REPCRT

HOPKINTON-EVERETT RESERVOIR

AFPENDIX A

HYDROLOGY REPORT

1. Scope.~ The data contained in this appendix constitute
a report on the hydrology of the Contooccek and Piscatagquog River
Basins as affecting the spillway design flood and spillwey require-
ments for Hopkinton-Everett Reservoir in accordance with the
procedure outlined in Brngineer Bulletin R. & H. No. 9, 1938. 1In
addition, the reyport contains the data ard procedure used in
determining the reservoir design flood, The data herein were
originally studied on the basis of the project controlling 490
square miles of drainage area. Since the original computations,
two additional reservoirs (Mountain Brook and West Peterboro, sec
Plate 1) controlling 58 square miles upstream from Hopkinton-
Sverett have been proposed. Theo gross figure of U490 gquare miles
has nevertheless been retaincd for computing spillway and reservoir
capacity requirements as a mensure of conservatism, since both up-
stream projects are small and designed primerily for loeal control.
Wherever pertinent, the effecta of the upstream projects are men-
tioned for comparison with the ndopted bnais of analysis.

2. Project Description.~ (a) Genersl.- Hopkinton-Everett
Reservoir is formed by a dam, a canal (Wo. 1), and 2 dikes (H-2 and
H-3) on the Contoocook River near West Hopkinton and a dam and 2
dikes (P-1 and P-2) on the Piscataquog River near Everett. The
separate storage areas thus formed are connected by a canal (No. 2)
of sufficient capacity to cause them to act ss a single reservoir
during flocds. (See Plates 1, 2 and 38,) The total storage capacity
is 157,000 acre-feet, amounting to 6.0 inches over the 490 sguare
miles of drainage area controlled., Area and capacity curves are
shown on Plate 3,

(b) VWest Hopkinton Section.- The dam site on the Con-
toocook River is 1/U mile above the village of West Hopkinton, N.4.,
and 17.% miles above the junction of the Contoocook and Merrimack
Rivers. The tributary drainage area above the dam is 426 square
miles, With spillway crest at Tl. 412, the storage is 60,500 acre—
feet, covering an area of 3,300 acres. The storage capacity of
60,500 acre~feet is equivalent to 2.7 inches of run-off from the
Y2h-gquare-mile drainsge area. The formation of the West Hopkinton
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section of the reservoir requires the construction of (1) the dam
on the Contoocock River that will include the outlets, (2) a canal
(No. 1) to divert water from the river to the Elm Brook pool,

(3) two dikes (H-2 and H-3), (4) a spillway located near the dike
H~-3 of sufficient capacity to pass a spillway design flood from

the Contoocook River, and (5) a small drainage ditch to drain the
area near the spillway. PFor purposes of identification, the West
Hopkinton section of the reservoir is subdivided into three pools:
(1) the Contoocook River pool, which extends from Henniker to the
West Hopkinton Dam and Canal No. 1; (2) the Elm Brook pool, which
has the spillway and extends from Canal No. 1 to Canal No. 2% and
(3) the spillway pool, which includes the reservoir area contiguocus
to the spillway and Dike H=3. The elevation of the water surface in
this pool gives the head used in computation of the spillway rating
curve,

{c}) Evercett Section.— The dam site on the North Branch
Piscataquog River is near the Everett railroad station (no longer
ugsed) in the town of Zast Weare, N.H., and 16 miles above the junc-
tion of the Piscatoquog and Merrimack Rivers, This dam contains the
two conduit outlets and spillway. In addition, two dikes are
required at low sections in the rim of the reservoir arca. The
tributary drainage arca above the dam is Al square miles. At pool
elevation 412, the storage is 96,500 acre-feet, covering an area of
3,000 seres. The storage capacity 1s equivalent to 28.3 inches of
run-off from the fl-squarc-mile droinage arca,

{(d) Canal No, 2.~ A connecting canal, about 2 miles long,
with invert at Fl, 385, makes possible the utilization of the large
amount of storagec available on the Piscataquog River to make up the
deficiency of storage on the Contoocook River. The combination res-
ervoir will not interfere with the low-water flows of either river
but will provide adequate storage (6.0 inches) to control flood flows
over the total drainage area of U90 square miles.

1. Basin Characteristics.- {(a) Contoocogck River.- The drain-
age area of the Contoocook River is shown on Plate 1. Profiles of
the main stream and principal tributaries are shown on Plate 4. The
Contoocook River has a length of about H5C miles above the West
Hopkinton dam site (Mile 118.9), and the drainage area has an average
length of 35 miles and width of 12 miles. The upper basin above
Hillsboro (Mile 133.6) has a length about twice its width and is
surrounded by ridges rising from 1200 to 1K50C feet above mean ses
level, with isolated peaks exceeding 2000 feet. Slopes and drainage
areas at various points on the Contoocook River are listed in Table 1.
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. TABLE 1 - SIOPES AWD DRAINAGE AREAS, CONTOOCOOK RIVER
Drain~| River Mile| Intermedi~| Elevation |DifferencejAverage
age above ate Dis- in in Slope
Area |Wewburyport! tance Feet |Elevation |Feet Per
Location*  |(Sq.Mi)  Light | in Miles | M.S.L. Feet Mile
Contoocoolr Lake| 15 167.8 1003.5
2.6 U5,6 17.5
E. Jaffrey 35 165.2 957.9 )
8.4 263, 6 31.4
North Village 127 15h.8 Hak4. 3
6.0 32,0 5.3
Cavender 168 150.8 662.3
17.2 89.3 5.2
Hillsboro 349 133.6 573.0
4.1 38.8 9.5
W.Henniker Dam | 368 129.5 53k, 2
.8 Lg.2 60.3
W.Heaniker
Gaging Sta- 368 128.7 486.0
tion 9.8 109.0 11.1
W.Hopkinton Lppws 118.9 377.0
Dem Site 2 17.6 88.0
W.Hopkinton e 118.7 359.4
6,2 12.6 2.0
Above Warncr YLu0 112.5 3u6,8
River .1 2 2.0
Mouth Warner 590 112.h 3L6.6
River 2.7 1.5 5
Above Black- 592 109.7 3U45,0
water River .1 2 2.0
Mouth Black- 728 109.5 34,8
water River 4.1 1.8 R
Riverhill 756 105.5 343.0
Dam Site h,2 81.5 19.6
Penacook Gag- 766 101.3% 261.5
ing Station .5 18,C 32. 7
Contoocecook R. 767 10G.8 243.5
Mouth

* Sec mep, Plate 1 and profiles, Plate k4,

** Drainage area will include Elm Brocgk by construction of Dike 2
and Canal Yo, 1.

- A3 -




From the West Hopkinton dam site to Hillsboro, 15.1 miles, the
river is a series of flat reaches broken by one fall of over 100
feet in 2 miles and by low dams near West Henniker. There is only
one tributary of appreciable size in this reach, namely, Amey Brook,
entering from the left. Proceeding upstream, the 1l2-mile reach
from Hillsboro to Benmington (Mile 1M46) has a slope of less than 2
feet per mile, with swampy areas and considerable valley storage.
The Yorth Branch of the Contoocook enters the main stream in this
reach at Mile 13%35.1, There are a number of natural lakes and vonds,
partially controlled by dams, on the North Branch and its tridbu-
taries. In the 12-mile reach between Bennington and Peterboroe the
river channel has & flat slope and wide valleys. The 20 miles of
the Contoocook River wvalley above West Hopkinton dam site provide

a large amount of valley storage that reduces floocd peak flows ap-
preciably. The drainsge area to the right of the river has steep
slopes with short travel to the main river, run-off from this area
passing on before arrival of flow from the left portion of the drain-
age area, O0On the left portion of the drainage area the t{ime of
travel, and, therefore, time of concentration, is increased.

{b) Contoocook River Tributaries.~ (See Table 2.) All cf
the large tributaries enter the Contoocook River from the left, and
above West Hopkinton about 7O per cent of the drainage area 1s on
the left gide of the river. The effect of this characteristic is
alsc to flatten the West Hopkinton hydrograph, giving a more pro-~
longed but lower peak. Hydrographs for miner floods obtained at
Hillsboro show flat and prolonged peaks. There are a large number
of low-head mill dams and power dams on the tributaries and main
stream of the Contcocook which, however, have }little effective stor-
age. Many of these dams were destroyed or ovadly damaged during the
1935 and 1938 floods., None of the existing vnservoirs ia the basin
are large enough to affect materially the flood flo- at West Hopkine-
ton should it fail during a flood of the magnitude uwsed for spillway
design purpcses.

(c) Piscataguog River.- The drainage brsin of the Piscata-
quog River above the proposed Everett dam site is anproximately 15
miles long and 4 miles wide. The topography of the basin consists
of rolling hills conducive to a rapid run-off, River valleys have
steep hydravlic gradients with no effective ~hunrel storage. There
are two storage reservoirs in the tributary drainage area above
Everett dam site. They are maintained at full wcol whenever vossible
and, therefores, cannct be considered for prez’ ble flood control ef-
fect. The capacity of the reserveoirs is small in comparison with
the magnitude of the spillway design flood for Everett Dam and troir
failure would not appreciably affect the spillway requirements for
STverett Dam,
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TABLE 2 - CONTOOCOOK RIVER TRIBUTARIES
(WITHY DRAINAGE AREAS EXCFEDING 10 SQUARE MILES)

Trainage | Mileage at Conflve.ce
Enters Area with Contoocook River
Tridbutary* From: at Mouth {zero mileagze at
5 (sq.mi.) Newburyport Light)
Contoocook Lake - 15 167.8
Mountain Brook Left 14 167.7
Gridley ERiver Right 12 162.3
Meadow Brook Right 12 161.6
Fubarusit Brook Left hg 158.7
Boglie Brook Right 13 155.4
Otter Brock Right 16 153.6
Ferzason Brook Left 12 151.9
Moose Brock Teft 1k pRIY
Great Brook Left 1¢ 1476
Worth Branch Contoocock Left 121 135.1
Sand Brock Left 10 130.2
Amey Frook Lett 21 122.6h
Elm Breook Right 10 117.8
Warner River let't 150 112.4
Blackwater River Left 136 109.47
Deer Meadow Brook Left 19 109.3
Total Azl

* Seec map, Plate 1 and profilies, Plate 4.

- A5 -




4. Precivitation Stetions and Records.- The location of pre-
cipitation stations in and adjacent te the Zontoocook and Piscataquog
Basinsg 1s shown on Plate 5. Data from stationg used in analysis of
the September 1938 storm are shown or Plate A, The only recording
gage in the immediate vicinity is at Concord, ¥.i.,, about 10 miles
from the West Hopkinton dam site, The mass curves of preciritation
for stations having only one or two cbhservations daily were drawn to
correspend with the Concord curve.

5. Stream Flow Data.- (a) Conteocook River. The U,S. Geologi-
cal Survey maintains three stream gaging stations in the Contoocook
River Basin (see Plate 5): (1) Ccntooccok River at Penacook, ¥.4.,

C.7 mile sbove the mouth of the river, with a drainage area of 759
square miles; (2) Blackwater River near Webster, with a drainage area
of 129 square miles, and (3} North Branch of the Contoocook River
near Antrim, 6 miles above its confluence with the Contcocook River,
vith a drainage area of 54.8 square niles. ILongth of records ranges
from 10 to 20 years, but of these three stations only Antrim lies
within the proposed reservoir drainage basin. Gage readings were
recorded at the New Hampshire Public Service Company dsm at West
Henniker (drainage area 368 square miles) and were used in deriving
the 1938 flood hydrograph. This flocd was analyzed for distribution
values and is shown on Plate 7. Peak flow values have been deter-
mined at mill and power dams for the 1938 and other floods and were
useful as a check, but such data were insufficient to define an
inflow hydrogravh to the Hopkinton reach,

(b) Piscataquog Fiver.- There are no stream flow data on
the uprer Piscataguog River svitable for cobtaining distribution values.
Stream flow records have been obtained from the New Hampshire Public
Service fompany for their Greggs Falls Dam, located near the mouth
of the river {drainage area 201 square miles), but no accurate re-
lationship can be derived from the hydrograph at this dam applicable
to the Fli-squarc mile drainage arca above the Tverctt Dam,

A. Maximum Precivitation Values.— (a) Summer ané Fall Condi-
fions.~ The rainfall data for defermiring the maximum summer siorm
vere obtained from valuee furnished by the Tydro-sdeteorological
Section of the U. 8, Weather Bureau, Tased c¢n limiting precipitation
values for onc and 1000-zquare-mile areas for various durations.
These were plotted on semi-log paper and connected by straight lines
to obtain the depth-ares curves shomn on Plate &. Data from these
curves were compared with all data on maximum precipitation nvailable
in this office, including the September 1932 and October 1903 storms,
and the selected data were found to give amppreciably higher values
of rainfall for the drainage arens being studied.

(b) ¥Winter and Spring Co-diticns.- Maximur sprine rainfall,
snow run-off values, and minimum i.tiltration rat: of 0.C% inch ner
hour, as obtained in the studieus oo the Pemigewasset River Basirn
(see Supplementary hydroleogy Rewvort, Franklin Falls Dum), vere applied

- 0 -



to the Contoocook and Piscataquog Basins. Depth-area curves for
various durations of precipitation (see Plate 10) were obtained
following the same procedure as feor the summer-fall coruitions,

For the 1000-square-mile area, the maximum spring r«infall values
as determined for the Pemigewasset Basin were plotfiesd on a natural
scale for 6, 12, 18, 24, 30, 3b, 42, and U&-hcur durations. TFor
one square mile the maximum 48-hour spring rainfall recorded, that
for Pinkham Y¥otch, N.H,, in March 1936, iacreased by 25 per cent,
was used. The March 1935 storm was the largest sprinz storm of
record, and the Pinkham Notch station recorded the gremtest‘eh and
H8-hour precipitation for the entire New “ngland area, the H3-hour
vaiue (10.32 inches) being about 1.l times the next largest ob-
tained at Bartlett, 12 miles south of Pinkham ¥otch. The increaged
4g-nmour value of 12.9C inches was plotted for one square mile and a
straight line drawn through this point and that given for 1070
square miles, Curves for the lesser durations were obtained by
drawing lines through the respective 1000~squore-mile valves and
parallel to the Y4&-hour curve. The resulting depth-area curves
were adopted for obtaining maximum rainfall valuee to apply to the
b4 square miles above the Bverett Dam and the U25 square miles above
the Hopkinton Dam. To these vrlues was addel th= total of 3.05
inches of snow run-off in 48 hours, promorticned to the raiafall in
f~hour periods. The infiltration rate of (.05 inch per hour and a
base flow of 2 ¢.f.s. per sguare mile were adopted. o check the
rainfall intensities for o~e square rmiile, shown in Plate 10, r L1ass
curve of rainfall was drawn for the March 193% storm at Pinkhen
YWotch. This is showvm o. Plate 9 with the corresponding envelope
depth-duration curve. The values of the deptb-duration curve were
increased by 25 per cent and, when conpar:d with those shovn on
Plate 10, were found to be materielly less than the adcpted values
for the shorter durations.

{c¢) vontronli.g Conditions for Svillway Neslgi..- Values
of maximum rainfa)l rrom Pletes 8 and 10, bSogrtanr "+t Aassumed
snow melt values for the spring conditions and the res:liirg run-
off using the adopted infiltration rates of 0,083 and C.0% inch
per hour for summer-fall and winter-spring conditions, respectively,
are sumnarized in the following table: *

*Subsequent to the completion of the above studies, additional maxi-
mum prec¢ipitation data, as derived fotr the Ompompanocosuc River in
the adjacent Connecticut Basin, were furnished this office. These
new data were analyzed and sufficient general agreement found with
the above analysis to warrant retaining the selected values,
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TABLE 3 - MAXIMUM SUMMFR-FALL AND WISTER-SPRING CONDITIONS

| Abov~ W.Hopkizton (W26 sq.mi.) Above Bverett (Ab sq.mi.) |
Six- Summer-rFall | Wianter-Spring ﬂ*,_§ugg§r-Falllm__ﬁigjgzzﬁpging
Bour Run-~ Snow | Run— Pun- Snow | Run—
Period {Rain | off | Rain |Melt joff Rain | off Rain| Melt [ off
L4 ¥k * *a«
1 0.2 0 c.23 {¢.22 | 0.1% 0.31 0 0.730| 0.2% 0.2%9
2 0.2 0 0.29 |0.28 | 0.27 o417 © 0.41] ¢c.3k 0.45
3 0.h 0.1]0.40 [0.39 | 0.49 0.6} C.1 | 9.49] 0.40 C. 5%
Y 1.1 0.610.90 {0.87 | 1.47 1.3 0.% | .91} 0.75 1.7k
5 2.0 1.5 1.32 j1.28 | 2.30 2.01 1.5 ] 1.31] 1.08 2,04
.. 9.4 8.9 13.10 |3.00 | 5.80 12.5 | 12.0 | 4.57| 3.75 8.02
7 2.2 1.7 1.0 {1.54 | 2.84 2.7 2.2 | 1.55] 1.31 2.0
g 0.8 0.3 (0,49 oLy | 0.6 1.2 0.7 {0.21} 0.17 0.08
Total 15.5 L13.1 B.3% |8.85 113.98 21,0 17.3 | 9.79) 8.05 |15.LL
¥oter All values above are in inches. The sequence of run-off

values is arranged,
for each basin,

* Infiltration rate - 0.08% inch per hour
**  Infiltraticn rate - 0.0% inch per hour

relative to the distribution wvalues
to ovtain the maximum peak discharge.

Tie computed srillway floods, based on the foregoing conditions,
gave peak

T3 rvelir

irflovas

of 110,000 c.f.s. and 104,CC0 ¢.f.=.
and maximum water-surface elevations of L22,8 and 420.7 for summer—
fall and winter-cpring conditions, respectivel;.

is gomewhnt great.r for the spillway design flood.
conditions were adovted,
spillway design for the Hopkinton-Everett Heserveir.

Thie flood was selected vecause it is the greatest flood of record

7.

tnere

Distrivution Values.-

(a) West Hopkint. .
distribution graph for West Homkinton was initially based on an
analysis of the September 19738 flood as it wss observed at the

power dam located in West Henniker (drainage aren 3h8 square miles).

- The inflow

This differenc
The summer-f.ll
fore, as the controlling criteria tor

on the Contoocock Hiver suitable for deternining distribution values.

The vwewer dam is approximately % miles upstream from the upper end

of the reservoir.
site may be used for deriving inflow hydrographs.

precipitation fer the 1938 flood are shown on Plate 6.
The total weighted rainfall

Thus,

the distribution values obtained at this

rainfall values are shown on Plate 7.
{Thiessen's Method) was 12.09 inches, while the flood hydregrarh,
shawad g =1 off af 6 Gl ynches.

after deduc®ine the hase flow,

AR -

Mass curves

of

The hi-hourly



This indicates thot infiltratiorn and ether losses amounted to 5.U45
inches. By trial and error, the rate of infiltration wis computed
te be ©,165 inch per hour. Distribution values were then obtained
far A-hour periods for this hydrograrh ns shorn on Plate 11. The
distribution graph is plottecd cn Plate 7. Using these distribution
values and the initial rainfall datn, the flood hydrogranh was re-
constructed and sntisfoctorily checked with the recorded hydrograph.
The unit hydrograrh, based on one inch of run-off occurring in a
period of © hours, is shown as r dotted line on Plate 12. Since
unit graphs tend to hrve higher pesks for higher intensities of
rainfall, it apreared desirrdble teo inercase materially the peak of
the unit graph derived from the 1938 flood in order to make it ap-
plicable to the much greater run-off valueg of the computed spill-
way flood. Hence; thce unit graph peall was increased to give a
computed snillway flood penk value corresponding to a coefficient
MY of nt least UYOOO in the relationship € = C VDfainngs kFéa
ps against a value of 2UOD for the derived distribution graph.

The time of lag was ruduced to maintanin a reagonable relation to
the higher peaked distrivution values. The revised unit grooh
~dopted for the computed spillway flood is shown as a selid line
on Plate 12.

{b) Everett.- As no hydraulic dnta werc available on the
North Branch of the Piscsataquog River for the derivation of dige
tribution values, it was nrcessary to use ran-off values from a
prsin of simil~r charncteristies where discharge records vire
avoilzble. Two basins were studied: (1) the area sbove the U,S8:6.8.
gage on the North Branch of the Contoocock River near Antrim, drain-
age area ©5 square miles, and (2) the area above the U.S.G.S., gage
on the Smith River near Bristcl, drainage area 85 square miles,
(The Bverett drainage area is 6l square miles.) A study of the
drainsge basin characteristics indicated that the Smith River was
the more comparable to the Piscatagueg Basin. Distribution values
were then computed for the Smith River gage,based on the 1938 flood,
in a manner similar to that outlined for the derivation of the dis-
trivution graph for West Hopkinton. The unit hydrograph, based on
one inch of run~off ocenrring in a pericd of 6 hoursy; is shown as a
dotted line on Plate 13, The drainage area of the Plscataguoz Res=
ervoir is less than Smith River, hence the time of lag was decreansed
approximately & hours. The revised unit graph applicable %o the
computed smillway flood from the Piscataquog Basin is shown as a
s0lid line cor Plate 13.

8. Computed Spillway Flood.~ The comput«d srillway flood for
Hopkinton-Everett Reservoir was obtained by computing separate
spillway fleods for the drainage areas above West Hopkinton and Lv-
erett Dams and then adding the discharge ordinates of the two
hydrogravhs to sbiain the total spillway flood inflow. This is a
more severe assumption than taking the values for the total U90
square miles and adjusting for the respective drainage areas. The
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computed svilliay flood for West Hopkinton was based on the unit
granh shorn on Plate 12 and the rainfalil values shown on Plate 8.

Ag this is a summer =torm,

of 0.083 inech wner hour v

+.8 sdopted., This is

an ossumed minimum infiltration rate
about half that de-

rived by azalysis of the 1938 floed nrd is believed to reprazsent
a minimum for the drain-ge arcas considered.

c.f.s. per square mile was added to tre flood run-off,

A base flow cf 2

The compu—

tationg ard hydrograph for the computed snillway flood for West
The computed spill-
way flood feor Everett Dam was similarly derived, using the unit

Homkintor Dam are given

graph shovn on Pl-=te 13 and the rainfall curves on Plate 8,

in Plates 14 and 15,

Fate

of infiltration of 0.083% inch per hour and base flow of 2 ¢.f.s.

ver square mile were assumed.
are given ou Plates 15 and 17.

The computaticns and hydrogranh
The gummation of the separate

hydrographs revnresenting the total inflew into the reservoir com-

binaticn is

shovn cn Plate 18.

enillway flond are summariged briefly as follows:

rTLT T

TABLS 4

- CUMPUTED SPILLWAY ~LOOD

Data pertaining to the computed

Itenm

Dreinage Areas (sq.mi.)
Painfall (inches)

Late of Infiltration
{inches ver hour)

Run-off {(inches)
Volume (acre-feet)*
Peak inflov {c.f.s.)

Coefficient "C" for peak
inflow, *=*

Peak outflow (c.f.s.)

Maximum vat.r surfac.o
(ft. =bove M.S.L.)

e

West Hopkintoxn
Dam

PR oo’ U ——

Lo5

1A.5

0,083
13.1
309, 000

21,000

4 Lo

75,000

Sverett
__Dam

al
21.0
04C83
17.3

50,600

23,000

2,880

19,000

heo.7

Total
Hepkinton-Fverett
__Rsgervolr

ke

0.08%
141
369, H00

110,000

4,080

55,000

Yoo, g

* Trcludins hase Tleow
** Coefficient oM i

- Al1C -




9. Spillway Desisn Flood.- (a) Reservoir Operation Asgump-
tiong.- It is assumed that the reservoir combination will be
filled to El. 412, the crest elevation of the spillway in West
Hopkinton Dam, at the beginning of the spillway design flood., The
pool elevation above Everett Dam will then be 2 feet below its
8pillway crebt. The conduits are assumed to be inoperative,

(b) Spillway Reting Curve.- The spillway rating curves
(Plate 19) were computed by the weir formuls Q= GLH} . Where
values of "CM for an Ogee section were assumed from 3.0 to 3,8,
the latter value for the maximum head. Additional head allowance
was made by computing losses for the water passages intervening
between the spillway control and the pool at which the water sur-
face eclevation was desired.

(¢) Method of Routing.~ As the computed spillway floods
for both dams were considsred inflows, the flood was routed through
the reservolir using the gross storage. A discussion on the method
of routing is contained in Appendix B.

{(d) Scglected Spillway Design Flood.- The total computed
3pillway flood, with & peak valus of 110,000 e¢.f.s., was routed

through the reserveir, obtaining a maximum spillway discharge of
95,000 ¢.f,s5. and a corresponding pool elevation of L422.8. The in-
flow ordinates of the computed spillway flood were then increased

50 and 100 per cent and similarly routed through the reservoir, The
data derived from these three routings are shown graphically on
Plate 20, where the per cent of computed spillway flood is plotted,
(1) against the pool elevation in feet above mean sea level, and

(2) agoinst the peak inflows and outflows. After careful considera-
tion of all factors a2s diseussed in the following pasragraph, the
computed spillway flood plus a factor of safety of 25 per cent wes
adopted as the "Spillway Design Flood" for Hopkinton~Everett Reser-
voir, Inflow, outflow, and stage hydrographs are shown on Plates
2l, 22, and 23, Pertinent data are summarized as follows:

TABLE 7 - SELECTED SPILLWAY DESIGN FLOOD
{Computed Spillway Flood plus 25%)

West Total
Hopkinton|Everett| Hopkinton~-Everett
Item Dam Dem Reservoir
Volume of inflow (acre~feet)

{including base flow) 386,000 75,800 461, 800
Volume of inflow (inches) 17.0 22,2 17.7
Peak inflow (c.f.s.) 11k,000] 28,800 137,500
Coefficient "C" for peak inflow 5,540 3,600 6,220
Peak spillway discharge (c.f.s.) 93,000| 25,000 11.8, 000

Maximum water surface
(ft. adove M,S.L.) Lol g% | L2k, 3 Hal, 5

*Refers to Elm Brook pool elevation (see Plates 20 and 38).
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10. Discussion of Factor of Snfet: .~ In selecting 25 per
cent as the factor of safety to be avrlied to the computed snill-
way flood, the following items, corresponding to those enumerated
in paragraph 11 of Engineer Bulletin R. & K. No, 9, 1938, were
consgidered,

(a) The rainfall records and number of storm experiernces
within the Crntoocook and Piscatagueog Basine are too few to deter-
mine maximum precipitation values. Trerefore, the valusg Tased oo
a study of storms over a wide area were adepted (see paragraph 7).
The quallty axnd axient of the rainfall recerds upon which the
values were based ere such as to require no further allowanc. for
factor of safety for thig item.

(b) The adopted maximum precipitaticn values are greater
than maximum recorded values in the northerctern United States. It
is belisved t-at there 1ls little possibpility that the adopted
values will bte exceeded, ever on emnll drainage areas. For instance,
unofficial records at Peterborc, 1N.F., and Baldwin, Me., indicate
*point" rainfall intensities of J.5 inches ia 2 hours during Sen—
tember 1938 and 11 inches in 3 hours during August 1939, Also, at
Tuckerton, W.J., a maxinum of 14,81 inches in 14 hours was reported
for August 1935. These extreme point rainfall valuss are lover than
the adepted values for one-square-mile drainage area shown on Plate 8,

(c) Data on the maximum summer flood of record (September
1938) were available for determination of the most severe run—off
conditione for a summer flood, The average infiltration rate for
this flood over the Contoocook Basin was 0.165 inch per hour. As a
measure of conservatism, a rate of 0.083 inch per hour (about half
the minimum rate experienced) was adopted. Since this rate is
equivalent to run-off coefficients of 86 per cent and 89 per cent,
respectively, for the maximun 24—heur precipitation above West Hop~
¥inton and Everett Dams, it appears that no further allowance as a
facter of cafety need be made for this item.

(@) The unit hydrographs were derived from maximum floods,
As a further factor of safety, the West lopkinton graph was peaked,
aw explained in paragrarh 7. Considering the drainage basin charac-
teristics, it is believed that this allowance compensates largely
for the inherent errors in applying the unit graphs to the svwillway
design flood with a peak inflow over Y times the peak flow of the
flcod used to derive the distribution values.

(e} Trrors in routing the suillway design ficod throush
the reservoir, caused by inaccuracies of assumed sicrage volume,
backwater curves, and time of water travel, are believed tc bo
negligible, Effect of valley storage in the reservoir is eliminated,
since the computed floods represent inflow hydrogravhs. Becau-e the
reservolr consists of two storage areas connccted by a canal,
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errors are introduced in the $pillway routing computations through
use of an average pool elevation in the Hopkinton section and the
Everett section, instead of the individual pool elevations for the
given discharge condition, These differences in elevation have
been corrected by checking back through the routing and computing
the difference in head on either side of the canal under the
severest conditions of flow that occur. It is believed that only
a small allowance is required as a factor of safety for this item.

(f) The criterion was adopted that the outlet conduits
would be inoperative and the reservoir full at the beginning of
the flood, Power development at the reservoir in the future would
not introduce a more severe condition., No allowance need be made
for this item.

(g) The spillways at both West Hopkinton and Everctt
Dams are straight overflow Ogee sections. The spillway discharge
capacities haove been computed with conservative discharge coeffi-
cients, and it is believed that the actual splllway capacities
will exceed the computed. No further allowance need be made for
this item,

{k) The freeboard storage in Hopkinton-Everett Reservoir
amounts to about 2 inches over the drainage area controlled, This,
with the long spillways provided, affords a large factor of safety
against overtopping, since a flood in excesg of 200 per cent of the
computed gpillway flood would be required to reach the top of the
dams,

11, Comparison with Maximum Flows of Record.- The maximum
peak flow of record at West Henniker (equivalent to inflow to the
West Hopkinton Dam) was 29,000 c.f.s. in March 1936, The estimated
maXimum peak flow at the Everett dam slte for the same flood is
6,000 c.fu8. The peak inflows of thc adopted spillway design floods
for these dams are, respectively, 3.9 and 4.8 times thermaximum known
flows. The peak inflows of the adopted spillway design floods for
West Hopkinton and Everett Dams, together with the values previously
adopted for the Franklin Fells and Blackwater Roservoirs in this
district, are plotted on Plate 2l for eomparison with the maximum
recorded discherges for the entire New England aren.

12, ZFreeboard.- The amount of freeboard required as allowance
for wave action, ride-up of waves, and wind set-up has been computed
in mccordance with Engineer Bulletin R. & H. Ho. 9, 1938, The re-
sults of the computations, together with the amomunt of freeboard
actually provided under the proposed design, are summariged in the
following table:
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TABLE ~ - FREE3CARD REQUIRRMENTS

1 2 1 3 S T 9
Max.] Max. Wave~rﬁave Depth Wind jAmount of| Actual
Structure Fetch{Veloc- |Heighti Plus of | Set- |Freeboard|Freckboard
ity Ride~! Water| up |Required |Provided
| oup ! | "s? | formila)
gt | nyn Myt Il_hh ,"D"_i **x [1 . 4h + §
(mi.} |(mph) (ft.) (tt.) (ft.)‘(ﬁ.) (£t.) (:1 )
#.Hopkinton Dam | 2.5 g0 3.6 | 5.0 Eo 0.5 5.5 5.8
Dike He? 2. 80 £ 0 ¢ | 0. . E.
Dike He3 3.8 g0 %.9 ?.u %0 0.2 ?.3 6.2
Tverett Dam 7.9 80 b1 5.7 100 10.3 .0 5.7
Dike P1 1.5 B0 2.2t L7 35 0.3 ”-9 5.7
Dike P2 3.9 80 L1} 5.7, 3011.0 ~.7 €.7
t
- i
h- ——
* hy formula, h = (.17 VVF "+ 2. -V F
«* by formula, § = .00125 Aléﬂ_ cocs A (A sssumed to te zero)
13. Determinaticn of Reservoir Croprcity.- (n) Reservoir De-
aign Flood.~ The following flood, similar in mugnitude and manner
of occurrence to that of karch 1937, wsg wsed as the busis for the
inltis} determination of storage and discharge caprcities for all
regervoirg in the Merrimack Besin,
Order of Days Reinfall in Inches fRan-off (90%)
1 1.5 1.3%5
2 1.5 1.35
3 1.5 1.35
4 o 0
o) 0 0
- O C
7 1.17 1.053
& 5.00 A.LO
SR R S5 ¥ 1.053
Total 12.84 11.556

Since the rrimary purpcse of the design floocd is %o detormine the
stornsze and cerresnonding discharge cupacities necessery to con-

trol the given volume cf run-off, it was consgidered setisf etory

to 1se cornenite dietribution values, typical of the more flashy

trivutarics in the Merrimsck Basin. The relation botwesn the
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total reservoir outlet discharge capacity and the storuge necessary
to control the design flood are shown on Plate 25%. Also shown is
the adopted distribution of the required total maximum outlet dis-
charge between West Hopkinton and Everett Dams, This distribution
is governed by the maximum discharge that can be passed down the
Piscataquog River from Everett during flood control operation,

(b) Economigc Capacity.- As the second step in selection
of capacity, the flood control benefits were determined for verious
amounts of storage in Hopkinton-Everett Reservoir, TFor this step,
the reserveoir was considered in combination with Franklin ¥Falls ard
Blackwater Reservoirs and total amual benefits of the system deter-
mined. The total annual benefits, corresponding annual costs, and
resulting ratios of benefits to costs are plotted against the
various storage capacities for Hopkinton-Everett Reservoir on Plate
25, The curve of ratios of benefits to costs on Plate 26 shows that
the optimum capacity of the reservoir from an economic standpoint
lies in the range from 5.7 to 5.1 inches, with an optimum point at 6.0
inches,

{¢) Selected Storage and Discharze Capacities.~ Based on
the foregoing economic analysis, plus consideration of the desirability
of a high degree of control, a capacity of 157,000 acre-fect (6.0
inches), obtainable with a pool elevation of 412, was adopted. From
Plate 25, the corresponding total design discharge (at full pocl
elevetion) is &,700C c.f.s. taking the storage requirement of A inches
over the total U490-square-mile drainage area and 7,500 c.f.s. when
giving reavonable consideration to the effect of Mountain Breok and
West Peterboro Reserveirs. Fixing tho maoximun design cutlet discharge
for the Everett Dam at 3,000 c.f.s. leaves between 5,700 and 4,500
c.f.s5, to be discharged from the West Hopkinton Dam. A compromise
value of 5,000 ¢.f.s. was taken as the maximum ocutlet design discharge
for the West Hopkinton Dam. Because of the dual natures of the reser-
voir, it is poseible to reduce flood stages downstream to a greater
degree by regulation of the discharge than through uncontrolled
operation, This method of operation is discussed in detail in
Apprendix B, and its effects are illustrated with the test floods
described in the following paragraph. The effect cof such operation is
to minimize the importance of design outlet capacity as leng as suf-
ficient extess capacity is provided for emptying.

(d) Test of Adequacy of Reservoir Capacity.- Two severe
floods were used to check the adequacy of the reservoir design:
(1) a highly peaked flood representing severe summer and fall con-
ditions, and (2) a large~volume winter-spring flood including snow
run~cff, The summer flood was based on the September 1932 rainfall,
the greatest of record in New England (see Plate 27). For a wintor-
spring flood, the March 1936 flood, the greatest of record, was
selected, With unregulated design discharge, the reserveir will
control hoth of these floods without spillway discharge, Under the
vronosed plan of regulated discharge, vhich gives greater benefits

~ A15 -



downstream {(see Agppendix B), the reservoir is subjected to a more
severe test of adequacy. The effect of the reservoir on the two
maximum flonds, with regulation as proposed, is illustrated on
Plates 28, 294, and 29B. In both cases there is a small spillway
discharge at the end of the flood period, but the net control of
the floods is more complete because a greater reduction has been
afforded to that purt of the hydrograph which adds to the pesk on
the lower Contoocook and on the Merrimack River. The spillway
discharge 13 obtained at & time whon it is not synchronized with
the flood peaks downstrcam,
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DEFINITE PROJECT REPORT

HOPKINTON-EVERETT RESERVOIR

APPENDIX B

HYDRAULICS

1., Factorg Involved.- The hydraulic design of Hopkinton-
Everett Reservoir presented six principal problems: (1) distribu-
tion of the spillway discharge between the two dams, (2) distribution
of the outlet discharge between the two dams, (3) determination of
the discharge capacity of the required comnecting canals, (U4)

selection of method of operaticn of the reservoir for maximum
utilization of its capacity, (5) design of the system for utilizing
the Hopkinten section to control as much as possible the floods from
the Contoogook, requiring a minimum of diversion of Contoocook River
flows down the Piscataquog River, and (6) the evolvement of a satis-
factory method of routing the floods through the reservoir, teking
into account two inflow hydrographs, two ocutflows (outlet and spill-
way discharges), two reservoir capacities, and the discharge from
one section of the reserveir to the other through the connecting
canals,

2, Spiliway Requirements.- (a) General Plan of Spiliways.-
Sincc there are two natural outlets for the reservoir, the Contoocook
and Piscataquog Rivers, there are three possiblce distributions of the
total spillwey discharge: (1) a spillway at West Hopkinton Dam and
none at Zverett, (2) a spillwey at Everctt Dam and none at West Hop-
kinton, and (3) spillwnys at both dams. The first alternative would
be possible without sppreciable incremse in g8ize of Canal Ho,., 2
but would require a 25 per cent increase in thelength of the Hopkinton
spillwey., The second alternative is impracticeble because of the
great increase in size required for Canal No. 2. The third altsrne~
tive, with spillways at both dams, was adopted. This provides
protecticon to both dams in the event that the connecting canal (¥o. 2)
becomes partially ineffective for discharge, and, for floods
approaching in magnitude the spillway design flood, eliminates the
objectionable feature of diverting the total flood down one of the
river channels with discharges in excess of those contributed by the
basin into which the diversion is made,

(b} Criteris for Distridtution of Discharge between Spill-
wayg,- Detemmination of the respective discharge capacities of the
spiliways was based on two considerations: (1) For the spillway
design flood, the maximum discharge from each spillway should be
spproximately in proportion to the peak inflow from the drainage area
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sributury to its respective dam; (2) In operating the recervoir

as described later in paragraph 6(b) for all floods up to a mag—
nitude comparable to the maximum recorded {March 1936), no spillway
discharge should occur at the Everett Dam, or, in the event of some
spillway discharge, the Everett outlets shaild be closed to keep
the total outflow down the North Branch Piscataquog to about 3,000
c.f,8. until the floocd is over and conditions dewnstream will
permit the safe passage of the increased outlet discharge needed to
expedite empiying the reservoir.

{¢) Selected Distribution of Spillway Camscity.- In
order to meet both conditions outlined above within limits of the
desirable size of spillways from a structural and economie¢ stand-
point, it was necessary to set the elevation of the Everett spillway
(z1. 414.0) 2 feet above West Hopkinton spillway (El. L412), With
respect to the first eriterion above, the selected spillway dimen-
sions give the following ratios of outflovw to inflow for the
maximum condition (the spillway design flood):

West Horvkinton Zverctt
Peak inflow 114,000 c.f.s. 28,800 c.f.s.
Peak spillway outflow 93,000 M 25,000 on
Ratio of peak cutflow to inflow C.8:2 0,87

With respect to the second consideration, theproposed distribution
of spillway capacities was checked by routing both the 1936 flood
end that baged on the 1932 storm through the reservoir using the
proposed reservoir operation, In neither case was the total outflow
from Everett in excess of 3,000 e¢.f.s. (See Plates 28, 294 and 29B.)
The respective spillway discharges in c¢.f.s. per square mile for
various reservoir stages are shown on Plate 30. Both spillways have
equal unit discharges {53 ¢.f.s. por sguare mile) for a total dis-
charge of 26,000 ¢,f.8., which is in the range covered by condition
(2) above. TFor lesser floods, the West Hopkinton unit discharge
exceeds that of Everett, thus preventing diversion of the preponder-
ant Contoocook River floods down the Piscatasquog. The Everctt
spillwey is rcquired only for those rare floods ranging from the
muximum of record to the predicted maximum possible.

(4) Physical and Structural Cousiderations.- Consideration
of cost of the dams and conditions upstream showed that the top of
the dams should be at about El, ¥430. Stndy of spillway capacities
regquired to pass the spillway design flood with adequate freeboard
allowance and the physical characteristics at both sites indicated a
apillway at West Hopkinton 650 feet long, effective length sbout
500 feet, crest at Fl, 412, and maximum surcharge of 11.8 feet, and
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at Everett, & spillway with length of 200 feet, crest at Bl. 41lh,
and maximum surcharge of 10.3 feet. The natural features at the
site of the West Hoplkinton spillway permit a long, free overfall
spillway on rock with adequate approach channel, btut restrict the
spillway discharge channel to a width of about 300 feet and the
depth of flow to one that could be kept within the available rock
cut or = reasonable height of channel wall. The spillway will

make an angle of 30 degrees with the direction of the spillway dis-
charge chanrel and will be set back at its downstream end to main-
tain the full 300-foot effective width of chammel. A secondary
welr will be placed in the spillwsy discharge channel of such
halght that, for all flows, sufficient depth is provided to produce
e hydraulic jump below the spillway, but not too high to submerge
the spillway. This plan will csuse redistribution of flow from the
splilwey, giving a reascnably uniform flow over the secondary weir
and across the splllway discharge channel. Without such a plan,
the unrestrained discharge over the spilllway would impinge on the
left channel wall and encroach on the right portion of the spillway
discharge chonnel, reguiring much greater channel depths to take
care of cxcessive wave action and disturbance to flow. These con-
ditions would also affect the design of the stilling basin, The
Everett spillway will be entirely on rock and of conventional
design, having an adequate discharge channel in rock with no
dangerous erosion problem involved in returning the flow to the
river chamnnel. Both spillways arc designed for free overfall with
crest profile shaped %0 prevent nogative pressures under maximum
surcharge. The basic rating curves were computed from the weir
formula with "C" values varying from 3.0 to a maximum of 3.8 at
full head (see Plate 19).

3., OQutlet Discharge Requirements.- (a) General Plan of Qut-
lets.~ The dual reservoir, controlling two tributaries, both
affording natural outlets, makes possible several plans of discharge
distribution and operation., It is possible elther to pass all the
outlet discharge down only one of the rivers, or te distribtute the
discharge between the two., The latter alternative was adopted
because of the limited discharge capacity of the Piscataquog River
and because greater benefits coculd be realized from such a separaticn
of discharges.

(b) Distribution of Digscharge batween Dams.- Capacity
studies, described in paragraph 13 of Appendix A and as illustrated
on Plate 25, indicate that, for a storage of about & inches, the
total reservoir discharge should be about 8,000 ¢.f.s. The goo-
grophic location of the two rivers and the time of arrival of their
flood pesks at the Merrimack River are such that whatever fiow is
bypassed down the Piscataquog River causes corresponding reductions
at the damege centers on the Contoocook River, and at Concord and
upper Manchester on the Merrimack River. For maximum flood control,
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therefore, it is desirable to discharge as much as possible down
the Piscataquog River without increasing flood conditions in the
lower reaches., It is estimated that the maximum flow of record

on the North Branch Piscataquog was at least 90 c¢.f.e. per square
mile. A maximum outlet design discharge of 3,000 c.f.s. (U7 c.f.s.
per square mile} was selected for Everett Dam. Thus, flood condi-
tions on the Piscataguog will be improved during flood control
operation of Hopkinton-Everett Reserveir. In addition, the outlet
capacity of Everett Dam may be doubled (to 6,000 ¢.f.2.) for
enptying purposes without causing worse flooding on the North
Branch than would have been experienced if the flood were uncone
trolled. TFarther downstream, on the main Piscataguog, the emptying
discharge of 6,000 ¢.f.s, will not make flood conditions worse
becausc the flow of the North Branch will have been desynchronized
with the remainder of the Piscataquog. Adopting the design dis-
chnrge of 3,000 ¢c.f.8, for Everctt Dam leaves about 5,000 c.f.s. Tor
West Hoplrinton Dam in order to control the reservoir design flood
with a storage capacity of 6 inches,

(e} Time Required to Bmpty Resarvoir.- Sufficient outlet
capacity will bo provided in both dams to double theoutlet design
disehargc for emptying purposes. With a full pool at El. Y12, the
emptying capaclty of the West Hopkinton ocutlets will be 10,000
c.fes., and that of the Everett outlets, 6,000 c.f.s. The proposed
emptying schedule is shown for the 1935 flood on Plate 29BR. The
volumc in the resecrvoir above El. 400 (crest of canal weir) can be
drnwn down by the discharge from either dam or both, but below
El, 400 it is necessary to discharge the remaining storage from the
sopurate sections of the rescrvoir. At El, 400 this division of
storage is 28,000 acre-feet in the West Horpkinton section of the
reservoir and 65,000 acre-feet in the Everett section., As shown on
Plate 298, H days are required to emipty the West Hopkinton section
from full pool (X1, 4112) and 12 days to empty the Everett section,
The reservoir will be drawn down to El. 400 in 2-1/2 days. The
effect of the canal weir in lengthening the time of emptying the
Everett section by cutting off the excess Hopkinton outlet capacity
below El. 400 was found to be small. No appreciable overall saving
in time of emptying was shown by computations assuming no canal
weir, due to the effect of hoad losses on canals Nos. 1 and 2, and
the fact that the net outlet discharge of both sections below El,
OO tends to bring the water surface in thc two sections down near
gnough together to leave 1ittle head for inducing flow from Zvereit
to Hopkinton. Plate 39 shows the storage available during the
emptying period. Three inches, or one-half of the total storags,
are recovered in 3 days. Five inches, or &3% of the total, are
recovered in loss than 7 days.

(d) Physical and Structurs} Considerations.- (1) Two
guted conduits will be provided for the West Hopkinton soction of
the reservoir end will be located in the dam on the Contoocook
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River. The condults are designed for 5,000 c.f.e. capacity each
when discharging with full reservoir (El. 412). ZElevation of the
conduit invert was based on consideration of operation for the
downstream Davis Mill pond so as not to interfere with draw-down
demands. This consideration required lowering the invert below

that desirable for best outflow conditions, placing the conduits st
El. 370, or 7 feet beclow the crest of the Davig Mill Dam. This will
require further study to give a safe stilling basin design. Fach
conduit will have a separate stilling basin, Tho conduit cross-—
section will be horseshne-shaped, with an area of 130 square feet.
Twoe gates, 7'x10', will be provided in each conduit. Outlet and
tailwater rating curves are shown on Plate 31. The outlet curve was
computed assuming a coefficient Wa' = 0,013 for the frictional
losgea 1in the conduit. The tailwater curve was dbased on compute-
tions for the discharge capacity of the Davis Mill Dam.

(2) The outlets for the Bverctt Dam will consist of
two conduits, loented on bedrocls, through the earth section of the
dam, A single gnte in each conduit will permit control of the out-
let discharge in accordance with the proposed plan of reservoir
operation. A dunl stilliang basin will be provided to digsipate the
high velocity of outflow from the conduits since the cest will be no
more than that required to lead the uncontrolled outflow a safc dis-
tance nway from the dam. Qutlet and tailwater rating curves are
shown on Plates 32 and 33,

%, Desien of Cnnal Ho. 1.~ (a) Limiting Conditions.- (1) Lo~
cating the West Hopkinton spillway nenr the Elm Brook pool places
the limiting condition on the design of Cannl Wo. 1 that it be able
to pass safely the peak of the epillway design flood of about 100,000
¢.fos. from the Contoocook River pool.

(2) The canal capacity must be sufficient to pass the
reservoir design diecharge of about 28,000 c¢.f.s. with Tim Brook
pool at spillway crest without excesgive velccity or head losses,

(3) The canal invert must be low enough to provide
for emptying the Elm Brook pool throusgh the West Hopkinton outlets.

{(b) The first condition above, together with the physical
critorion for ceual side slopes of 1 on 2-1/2, led to the adoption
of a minimum canal bottom width of 120 feet at the Contoocook River
end and 150 feet near thc Elm Brook pool end, The direction of flow
for maximum discharge vpermitted reduction of canal width in the up-
gtream direction, maintaining practically constant mean velocities,
sinecc the backwater rise sives additional depth to compensate for
reduction in width. The maximum mean wvelocity is less than 10 foet
ner second. It will be cheapsr to protect against this velocity by
riprapping and providing the required additional height of West
Hopkinton Deam for the greater velocity head and lossges than it will
be to excavate to a size that would prevent non~eroding velocity in
an unlined canal. The water surface profile and mean velocities
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along Canal No, 1 for a discharge of 100,000 c,f.s. are shown on
Plate 3%,

(¢) The second condition above is amply provided for by
the requirements of the first condition., The water surface profils
and mean velocities along Canal No. 1 for a discharge of 28,000
c.f.s. nre shown on Plate 3,

{(d) The third condition above required that the canal in-
vert be no higher than El. 380,

(e) The rating curves for Canasl No. 1 are shown on Plate
34 for conditions (1) and {2) smbove. During the spillway desien
flood the discharge is essentially from the Contoocook River only,
and the Hopkinton spillway becomes the primary control for Canal No, 1.
The backwater as affecting the stage in the pools intervening between
the spillway and Contoocook River is computed on the assumption that
the inflow of the Contoocook River equale the outflow over the spill-
way. This is not entirely corrsct, due to the effect of the inter-
vening storange and also some possible diversion into Everstt through
Cannl Mo, 2, The pool elevations shown on Plate 34, however, are tho
maximam for any given digcharge. For maximum discharge values
corresponding to the reservoir design flood (or for other floods of
lesser magnitude that do not overtop the spillways), the primary
control for Canal No, 1 is the weir in Canal No. 2. The maximum dis~
charge in Canal No. 1 is reached when the inflow from the Contoocook
River equals the outflow from Canal No. 2. For the reserveir design
or lesser flecods this maximum discharge is passed before the dis-
charge of tho weir in Canal Yo. 2 is affected by high pool elovations
. in the Bverett section. Reservoir conditions during any given flood
must first be evaluated by reserveir routing (see methods 4 and B,
par. 5). The rating curves given on Plate 4 (as well as those for
Canal No. 2 on Plate Bb)serve as o check on flow conditions assumed
during the cut-and-try method of routing. On obtaining sny maximuom
discharge valuc, the rating curves give the corresponding pool sleva-
tion on which the dosign of structurces must be based.

5. Desien of Conal No. 2.~ {a) Goneral Considerations.- The
effective utilization in the Hopkinton-Everett Resorvolr of the
greater storage available in the Everett secticon is lorgely dependent
on having adequate discharge capacity for the comnecting canal (Zo. 2).
The selection of the canal invert was dependent primarily on physical
conditions affecting its cost, On the basis of seismic exploratioun,

e satisfactory ndjustment of cost and required cupacity was obtained
with the canal invert at Bl, 355, An approach to the optimum canal
capucity was made by considering the canal operation, (1) for o flood
comparable to the reserveir design flood, and (2) for a flood comparable
to the spillway design flood. During normal flood contrel operation,
particularly if the reservoir is to be opsrated for maximum downstream
bencfits, the canal must be able to pass flows increasing nearly up to
the maximum Conteoocook River inflow, without ceusing the pool eleva-
tion to cxceod the West Hovkinton spillway crest. TFor the spillway
design flood, where bBoth spillways have capacitiess adjusted to tuke
care of the flood from thelr respective drainage arcas, the canal will
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not be required to pass excessive flows from one reservoir section to
the other. Also, for a syillway design flocod, assuming both reservoirs
at T1l, 412 at the beginning of the ficod, there is immediately avail-
able a large canal capacity. The above congiderations indicated that
the reservoir design flood conditions would govern the capacity re-
quired; hence the canal capacity was approximated on the basis of
passing about 28,000 c¢.f.s. with the West IHopkinton pool at El. H12.

(v) Another consideration affecting the design of Canal Yo. 2
is the desirebility of controlling Contoocook River floods as much as
poesible using only the limited storage available in the West Hopkinton
section of the reservoir. 4 satisfactory reduction of all floods up to
& frequency of from 15 to 20 yoars can be obtained on this basis by

lacing a weir near the downstream end of the canal with crest at El.
00, at which elevation there are 28,000 acre-feet of flood control
storage in the West Hopkinton section. The weir in Canal No. 2 is also
desirabtle in order to limit maximum canal velocities, thereby minimiz-
irg canal maintenance,

(c) Physical and Structural Considerations.- The proposed
canal will have no slope longitudinelly, for flow will occur in both
directions and the use of the weir offsets any hydroulic advantage
that might be gained by an invert slope from West Hopkinton to Everett.
The canal invert was placed at Tl., 385, which will minimize the rock
excavation both on the bottom and sides and yet give a cross—sectional
shape that is good hydrmulically. The minimum cross-sectional nrea,
based on cost and required capacity, was determined to be 5,025 square
feet at ®l. W12, A proctically constunt section is possible through-
out its length up to El. 420 end the alignment will be made on long
curves where required. Some overflow area will he obtained above El.
420 where the natural valley widems out, but losses due to such
changes in section and curvature in alignment were considered small and
compensated for in the roughnoess coefficlent assumed in the backwater
computations,

(d) The discharge capacity of Canal No. 2 was computed by
combining the rating curve of the control wolr with backwater compu-
taetions from the weir to the Elm Brook pool. The rating curve of }Se
control weir (Plate 36) was computed by the weir formula Q = cLid ,
with values of "CVW varying from 3,0 to 3.8 for the maximum head,
Backwater computations were then made, allowing for frictional losses
ard changes in wvelocity head, to obtain the pool elevation at the up-
strean ocnd. TFor pool clevations excecding critical depth at the down-
atream end of the canal, similar backwater computations were made,
atarting with this assumed peol elevation, and obtaining the correspond-
ing discharge and upstream pool elevation. For computing ecanal losses,
u value of Kutterts "n¥ of 0.035 was used., The rating curves for the
canal, showing the pool elevations at the upstresm and downstream ends
of the cannl for various conditions of discharge, arc given on Plate
36, These curves illustrato flow conditions in the direction from West
Hopkinton to Everett, since this is both the most frogquent ns well as
governing direction of flow, A backwater curve and corresponding mean
velocities in the canal for s discharge of 285,000 c.f.s. are glven
on Platc 37,
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0. [Reservoir Operation.- {a} Relation to (omprehensive Plan,-
The operation of Iranklin Falls, Blackiwater, and Hopkinton-Bverett
Reservoirs will result in major combrol over the two largest tribu-
taries of the Merrimack Basin and will chenge the flood situation
in the basin to the extent that some consideration wust be given to
the remaining uncontrolled tributaries in determining possibvle
operation of the Hopkinton-Everett Reseryoir. With control of the
Pomizewasset, Blackwater, the Contooecook above Viest Hopkinton, and
part of the Fiscataguog, the uncontrolled floed producing tribu-
taries avove Noshua, N. H., would be reduced to: (1) Winnipe-
saukee River, (2) Varner River, (3) Souecok River, {(4) Suncook
River, (5) Scuth and Middle Branch of the Piscataquog Biver, and
(5) Souhegan River. Fast floods of record, particularly the 1936
and 1958 flcoods, have demonstrated that, due to the pattern of the
basin, tike Tlocd pesk flows from these tritutaries reach the
Merrimack River and pass downgtream before the principal flood punk,
originating on the Penigewasset and Contoocook Rivers, arrives.
Hence, with reservcirs controlling the fwo largest tributaries, tle
"eenter of gravity" of the flooud produciry basin would move a cOn-
siderable distance downstresm., It now may be conceived that if the
1936 or 1838 flood were reproduced with regervoir control, the ini-
tial peak flow at Nashua, for example, wvould be caused by dig-
cherges from the Souhegan, Piscatagueg, and Sancook Rivers, with
the flow from the Winnipesaukse, Warner, and Soucook Rivers, «nd
tne reduced dischnarges from the reservoirs arriving on ire falling
side of the initial peak and causing a secondnry peak.e The second-
ary poak mizht be wgrester than the first Tor ertreme {locds huving
a large spillway discharge at Frunklin itlls. Hence, the time
between the storm occcurrence and the gpeni discisrge renaining that
is produced by the lover tributaries will be much less with reser-
voirs tian without reservoirs, and, conversely, the time of lag of
tiie peak flow from the controlied trivutaries vwill be appreciably
rreater,

(b} Proposed Plan cf Operation.- In view of the fore-
going drainage basin characteristics, tae geographic location «f
Hopkinton-Everett Reservoir is Cavorable to a plan of disclarze
ragulat ion, Briefly, the plen is to hold back all discharges fram
the reservoir during the bezinning of the flocod and to allow th
tlood in the lower portion of the basin to form and ¥¢ pass dowmn
the river. Plates 28 and 294 illustrate how this would be accom-
plished during the hypothetical flood based on the 1932 storm and
the recorded 1936 flood, It is evident th t ir tie outlets are dis-
charging during the peak of the flood, thet 1rom West Hopkinton Dam
would add to the natural pealt £ior frof. the Vaprner River, and idis-
charge from the Everett Dam would have a similar effect on the Fis-
catuguog River, Temporarily closing off the total reserveir dis-
charge of &COM c.fese 1111l reduce the uncontrolled flow or both the
Contooecok and the Pisecataquog Rivers and ade materially to the
downstream benefits. It is believed that thails is = justifiable
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regulation for this reservoir, due to its capacity of 6.0 inches

and its location in the Merrimack Basin. Tested with the single
high peak flood baged on the 1932 storm and the double peak of tho
1936 flood, the regulstion is found to give satisfesctory resulis.
Holding back floods of tunis rmagnitude resulted in some spilliway
discharge, but coming at the end of the [lood it causes no appre-
clable damage immediately dawnstream on the Contcocook, giving a
lower peak value than that for the uncontrolled drainage area of
the Contoccock. It was alsoc found thet, due to the extended rune
off from the Contoocock Busin, the spillway discharge for the 1936
flood came even later than the corresponding spillway discharze

fram Franklin Falls Dam, In view of the pattern amd characteristics
of the Merrimack Basin, it is expected that this non-synchrenization
of peals will occur during all floods wiich the reservoir system is
designed to control,

7. Method of Reservoir Routing.- {a) General.- The basic
prineiples of reservolr routing as applied to a single reservoir nre
used in the dusl reservoir formed by the Vest Hopkintcon and Everett
Dams. However, instead of operating with but one set of inflow,
outflow and reservolr storage values, tihe dual reservoir routing is
ruch more complex in haeving to deal with two sets of tlhese velues
congidering also the relation $0 the values cof the discharge in the
connecting canal. Two methods were used in routing floods through
the dual reservoir, method "A"M being utilized for outlet studies
with the reservoir empty at the beginning of the Tlood, and "B" a
pethod satisfactory for spillvay studies viere the reservoir iz as-
sumed %o be full =%t the beginning of the flood., The follewing basic
formulae for reservoir routing apply to bouth methods:

I = 04438 (1}
where: I = intlow in acre-fest
0 = outflow in acre-fect
NS = dincrement of storage in acre~fees

At either the West Hopkinton or Bverety secticns outflow con-
sists of the outlet or spillway discharge plus or minus the discharge
thrcugh the canal.

Hence: O = D+ C {2)

where! D = cutlet or spillway discharge
in acre-feet

C = canal fiow in azcre-feet (Canal No. 2)

Ten the basic formulae for these two reservoirs in cambination
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SRR W AYS R (3)

I = Dg & e T ‘e (4)
where the gukecript *" r. f.rs to West Hovpkinton and "e" refers to lver-
eti.,.

(b} Method "A".- TFormulae 3 and 4 are used in method "A"
for routing of the 1935 rflood [Plates 294 and 29B) and the flood
based on the storm of 1932 (Plate 28). Bocause of the number of
variables involved it 1s neecessary 40 use short ineremsnte of tiue
in srder to cbtain a&nd balance tie values for each term. This is
uest important for the canal flow which varies considerably for
swall changes in reservoir elevations, and short time increments are
necessary to ascertain the respective reservoir elevations with suf-
licient accuracy. Time increments of one-tenth of a day were found
to give satisfactory regults. ZHach %ferm in the two formulase is a
variable, and, except for the inflows, all can be expressed graphi-
cally as a function of the water-surface elevations in the resnece-
tive reservoirs. The hydrographs, storage curves, and discharge
rating curves used tc sclve Tor ceach variable in routing the 1936
flcod are as follows:

Ih = flood inflow to West Horkinton Plate 29A and B

Dh = outlet discuar,e from Vout Hop~- - " 3L
kinton
& spillway discharge” Trom: Tast - " 19
Hopkinton
Q\Sh = West Hopkinton storage increment - " )
¢, =C, = Canal flow (Canel No, 2) - " 3h
I, = Ilood inflow to Everett - " 29A and B
D, = outlet discharge from fverett - " 3z
/NS = Everett Reservoir gtorage incre- - " 3
ments

The actual computations consist of satisfying the ¢onditions in for-
rlulae 3 and 4 for e2ach time period and are most readily accomplished
by wmeans of an extensive tebuletion.

(¢) Method "B"™ is used in routing a fleod when both sec-
tions of the reservoir are practically full ot beginning of the
fleod. Method "B" differs from "A"™ in that the twe sections of the
raservoir act as a siangle reservoir assuming that the vater-surface
elevation is the sane in both during the entire duration of the
flood. Bince, at full pool, large canal Tlous oceur with only
small differences in rsservoir levels, this n~ssuaption
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dnes not appreciably effect the value for maximum reservoir eleva-
tion and can be chec<cd to the required accuracy as explained below.
The basic formulae used in method "A"™ are also applicable to method
"B*, The formulas are as follows:

= + A3 4+ C K]

I, =D+ A8 & (#)

I =D + 18 F ¢ (4)
e e - =] [

In order 0 simplily algebraie signs, concider the first part
of the flood in which both sections of tlie reservoir are storing and
canal dischargze is from lJest Hopkinton to Lveretst.

Then I, = Dy +.\5, + Cy (5}
Ie = De +L/_X Se ""\Ce
or I, + C, = D, + 23, (8)
C:h - Ce
C,=D, +{AH 8, = I, (7)
Substituting in (%)
I, Dy + 28y, + D, + 48, - I (8)
— - | ,.’\ <1 AN
(Ih + Ie) B (Dh g De) T (.__\Qh T L:‘De) (9)
or21 =2D 42/\8 (10)

BEquation (10)is the basic equation for reservoir routing, combir-
ing egurtions (3) and (4). The routirg comvututicns, therefore,
consider the twn secticns of the reservoir as 4 sirgle urit, ard
the inflovg, dicchrrgas, and storage curves are combined rather
than used individuwndly. It is possivle to obtain this simplifica-
tinn, because the reservolir outvlows, D, and the storages A S,
are assumed tc be functiors of the same eclevation ard the small
di“ference in recervoir levels reguired to give the cansl dis-
charge 1s made un in fthe time iuterval cnosen for the routing.
Touting vroceeds 1 the usunl method for a sirngle reserveir., The
grachs necessary for thiz routing, &s appliied to the srillway de-
gign flood, are sgs follows:

I = total snillyay desipr {lood iatlcw - Plate 23
D = total s-illvayr discharge - Plate 19
S = storage incremcnts obtained from

tctal curve - Plate 3
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It is now possible to determine the canal flows and correct for
the assunption that the two sections of the reservoir are at the
same level. A graph of reservoir stage vs, time is first drawn
from the combined routing computations, The canal flow, €, is
then computed by means of equation (3) or (4), (the former, apply-
ing to the West Hopkinton section,is used in the following
explanation). For each time period, (1) the value of I, from

the inflow hydrograph, (2) the approximate value of P from the

spillway rating curve for the given reservoir stage, and (3) the
value of + Jg.Sh from the storage curve and the given reservoir

stage may be obtained. The difference in volume between the in-
flow and the combined outflow and storage must be the volume
passing through the cansl, Similarly, canal volumes in acre-feet
may be obtained for every period of the routing. Either equation
(3) for West Hopkinton or equation (U4) for Everett may be used in
these computations. Oonverting the volumes to discharge rates and
plotting as bar valucs, the canal discharge hydrograph can be
drawn. The next step is to ascertain the difference in pool eleva-
tion required for the given canal flow, For cxample, the maximum
woter surface attained from routing the spillvay design flood by
rethod B was elevation hah.s at 3 P,M. on the third day. The canal
flow at this time, as derived from equation (3), was 10,000 e.f.s.
from Hopkinton to Everett. This indicntes that, for this discharge
and pool elevation U2W.5 nt West Hopkinten, the difference in pool
elevation is 0.2 foot. As the reservoir elevation of U4oW,5, ob-
tained from the combined routing, is primarily due to the discharge
from the Weet Hopkinton spillway, the computed elevation is con—
sidered as applying to the Tlm Brook pool. The Everett pool will
then be 0.2 foot lower, at El. 424.3. This small difference in
elevation means only a difference of 700 c.f.s. in the Eversti
spillway discharge and is considersd close enough to justify use of
method B. (The maximum canal flow for the spillway design flood is
18,000 ¢.f.8, and requires only 0.3 foot difference in the eleva-
tion of the pools.) To determine the water surface elevations in
the Contcocook River pool and the sviliway pool, it is necessary

to use Plate 3H, applying the values computed at Elm Brook pool,
The inflow from the Contoocook River at the time of the maxiaum
water surfuce elevation was sbout 92,8500 e¢.f.s. (Plate 21). As
inflow practicplly equals outflow at the maxirm stage, it is assumed
that the flow through West Hopkinton is comstant. From Plate 3U,
for a constant discharge of 92,500 c.f.s8., the corrcsponding ponl
elevations are:

Sontoocook River pool - U25,2

Elm Brook pool - Lay.5
Spillway pool - lpz.8
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A higher rate of discharge will asccur through Canal Yo. 2 before
maximum water surface elevation is reached, probably occcurring
about the time of the inflow peslt, However, except for producing
8lightly higher velocities in the canal, this maximum canal dis-
charge will have no appreciable effect on any design criteria.

The foregoing general explanstion is slsc applicable to method A
wherein it is apparent that small differences in water surface
elevations bpetween Contoocock River pool and Tlm Brook pool are
neglected. To determine this difference for each step of a routing
would constitute an unnecesgary rofinement. It is ossential, when
using equations (3) or (4), to use the proper algebraic sign for
both the storage increment and the canal discharge volume, In

either equation, a plus C signifies a canal outflow, and a minus C
denotes a canal inflowa
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DEFINITE PROGJECT REPORT
HOPKINTQU -EVERETY RESERVOIR

SUFPLEMERT TO APPENDIX B - HYDRAULICS

March 4, 1gh1

DISCUSSICE OF CAPACITY OF CANAL NO. 2

8. Reference is made tec a memorandum to Mr. McAlpine frem
Mr.G. A, Hathaway, dated October 15, 1940, attached to the 2nd
indorsement of the letiter submitting the definite vroject report
for Fookinton-Everett Reservoir (E.D. File ¥o. 7H02(Merrimack R.,
Hopkinton-Everett Res.)-37). In this memorandum it was recommended
"that further consideration be given t¢ increasing the capacity of
the canal between the two reservoirs so that a more flexible flood
control operation may be assured."

9. Original 3asis for Selection of Capacity.- The following
criteria entered into the selection of tihe capacity of the canal:

(a) Complete utilization of all storage in both sections
of the reservoir for the reservoir desien flood.

(b} Criterion {a) above o be accormplished without
spillway discharse for regular retarding basin operation
and, for gate operation =8 provwosed, to have sniilway dis-
charge at Hovkinton no sreater than downstresm channel
capacity.

(¢) To eliminate or 1inmit diversion of ordinary (15 to
20~year frequsency) Contoocock River floods into the Everett
section of the reservoir.

(4) To obtain the required cross-sectional area of
conal with a minimum of rock excavation.

10. Selected Canal Capncity.- The inflows, outflows, and
canal discharges, without gate regnlation, for the reservoir design
flood are shown on Platse 6l. Similar datza showing the effect of
gate regulation are shown on Plate 62. In accordance with criteria
(a) and (b}, there is no apillway discharge without gate regulation,
and the spillway dlscharse at Hovkinton with regulation is only
10,000 c.f.s., which does not exceed channel capacity and which cc-
curs on the reccding side of the flood in such a manner asz not to
add to the main stream flood peak at the principal damase centers.

- Bil -



11. ZEffect of Selected Fesarvoir Design on Flood Based on
September 1932 Storm.- In order to check the selected canacities
for cutlets and canal, a fleood based on the Sevtember 1932 storm
was routed through the reservoir. This flood {see Plate 28) is
about 25% sreater than the reservoir desien flood and the maximum
floods of record. The reservoir operation during this flood is
questioned in the momorandum referrod to in paragravh 8., It is of
interest to note that during a large single pesk floocd, or during
the sccond pealr of a flood similar to that of March 1936, there is
a tondency to form two peaks in the Hopkinton pocl stege graph,
shortlv after ocecurronce of the maximum inflow pealzr. Only during
the first peak is the maximum canal canacity available. Duriny the
sceond veak, filling of the Everett Reservolr submergeos the canal
and rapidly reducecs its discharze capacity. Hence, there must
always be storage available in Everctt during the first rise in the
Honkinton pool. Where this first rise causcs appreciable overtop—
ping of the svillway, there ig a valid objection in principle to
the limited canal cavacity causing it, but this docs not mean that
the total reservoir capacity is not utilized in the control of the
flood. Any flood greater thon the rescrvoir design flood will oxceed
in volume that provided in the reservoir and produce a spillway
discharge, regardless of the reservoir comsidersd. The unigue char~
acteristic of the Hopkinton-Everett combination should not be unduly
penalized with excessive canal cost wheore this initial spillway dis-
charge is legs thon the normal outlet discharge of the reserveolr
operated as a simnle retarding basin. Where the safety of the
structure is not involved, inersasec in costs must be considered
rclative to increased benefites sbtained, For the hypothetical 1932
flood as shown on Platec 28, it is true thnt approximately 60,000
acre-feet arc availahle in Everett at the time spillway discharge
starts. Only 34,000 acre-feet are available 8 hours later at maximum
spillway discharge, but prior to the second and lnrger spillway dis-
charge there is no longer any but surcharge stornge available in
Everett and in Hovkinton. The first spillway discharge, with all
outlets closed, ig but 2,000 c.f.s. and velume about 3,400 ncre-fect.
The second spillway discharge is 3,700 c¢.f.s. plus 5,000 c.f.s. from
the outlets. The first spillway discharge, voth in peok and volume,
1a belioved a satisfactory condition considering the magnitude of
the flood, and the entirc stornze volume is utilized in control of
the flood. In order to eliminate the firgt spiliway discharge, it
hns been determined that an increase of 20% in canal capacity would
be required, at an estimated inecrease in cost of at least $300,000.
The hydrographs nre shown on Plate 63. It is of interest to note
that when the 1932 hypothetical flood inflow was corrected for the
effect of the pronosed Mountain Brook and West Peterbors Reservoirs,
it was passed through the reservoir without the first spillway
discharge and complete uvtilizntion of storage at the time of
spillway dischargse.
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12, Effect of 50% Increase in Canal Caprcity.- (a) The ef-
foct of the vprovosed cnnal aud one with a caprcity increased SOﬂ
on a flood greater than the rescervoir design flood is shown on
Piate b4, A single peak inflow flood similar in shapa to the 1938
flood, but with a peak of 40,000 c.f.s., is used for illustration.
A single peak flood is used in preference to o double peak, for it
emphnsizes more clenrly the moint raised in the memorandunm
referred to in paragraph 8, namely! thnt some snillway dischargoe
occurs ot Honkinton while thore is still avallable storags in
Bverctt. With the present canal, spillway discharge sceurs during
the third dey with a maximum discharge of 7,000 c.f.s. At this
time (6 P.M.),thers are 27,000 acre~feet of storage still available
in Everett. However, for a flood of greater magnitude than the
reserveir design flood, snillway discharge will always occur,
regardless of the size and capacity of the conal. Conscquently, if
gpillway discharge is certain to toke place, it is desirable to hove
it oxtend over a longer duration with the lower penk discharge
rother than over a shori-time period with the higher discharge.
This is illustrated on Plnte 64, which shows that when tho canal
crpacity is increaged 50%, no snillway discharge occurs on the third
day, but on the fourth day it hos o peak discharge 1,500 c.f.s.
greater than with the smaller canal system.

(b) It is cstimnted that a 50% increase in canal capacity
would cost about $700,000. The following differences may be sum~
marized in connoction with tho particalar flood siown on Plate 6.
(It should be remembered that this theoretical flood hag a peak
inflow 25% greater than the roservoir design flood.)

Present Cangl Canal + 50%

Max. canal discharge 34,000 c.f.s. 38,500 c.f.s.
Max, spillway dischorge 25,000 c.f.s. 26,500 c.f.s.
Mnx. spiliway discharge

ocourring with storage

still available in

Everctt 7,000 c.fus. 0 c.f.s.
Max. water surfrco elevation M17.2 b17.4

13. Summory.- f{a) Plate 65 shows the effect of increasing
the canal capacity on the canal and spillway discharges over the
entire range of floods from the reservoir desizn flood to the
epillvay design floods. These curves again emphasize the point
that for floods greater then the reservoir design flood, spillway
discharges will ocecur ultimately, roeardless of the size and
capaclty of the canal, and the full storage is utilized. The
effect in enlarging the cansl is to reduce the Tirst spillway dis-
charge that takes »lace while storage is $till available in
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Everett, but to increase slightly the second peak. The curves
illustrate that the first spillway discharge is always insigni-
ficant compared with the second spillway discharge and that the
downstream damages would be about the same with either canal.

It should be noted that the curves on Plate 65 are based on the
1938 flood, which is one particular type of flood. Being a flood
of record, it is believed to e representative of the shape of the
probable floods on the Contoocock River. Due to the magnitude of
the natural valley storage on the Contoocook River, it is diffi-
cult to conceive of a very peaked flood. As a check, however,
such a flood was routed and the results did not differ appreciably
from those shown on Plate £5.

(b) The use of drum gates in the weir has been considered
but their effectiveness found to be out of yproportion to their
cost. The weir controls the discharge of the canal for low flows,
but as the canal flow approaches the maximum (28,000 c.f.s.), the
long canal itself becomes the contrel and the presence or absence
of the weir (or opening and closing gates in a weir) has little
effect (see Plate 66).

14, Conclusions.- It is concluded that:

(a) The canal cepacity selected in the project report
is adequate for maximum effectiveness of flocod control
operation for all floods up to the reservoir design flood.

(v) For floods greater than the reservoir design floed,
the elimination of spillway discharge at Hopkinton prior to
complete utilization of Everett storage would require an
increase of from 20% to 50% in canal capacity for material
effect. Such increase would cost from $300,000 to $700,000
and would not yileld a commensurate increase in benefits.

For excessive and rare floods, increasing the canal capacity
does not (and cannot) eliminate the resulting major spillway
discharge. Hence, the damage from such large spillway dis-
charge would be suffered regardless of increased canal
capacity. The spillway discharge for any floocd reasonably
in excess of the reservoir design flood is normally delayed
sufficiently to realize the major reductions in relation

to downstream peak flows.
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DEFINITE PROJECT REPORT

HOPKINTON-EVERETT RESERVOIR

APPENDIX C

GEOLOGY, SOIL AND DESIGN DATA

PART I. WEST HOPKINTOX STRUCTURES

1. West Honkinton Dam,-

a. Geology and Description of Demas Site.~ The West
Hopkinton dam site is located on the Contoocook River about
1,250 feet upstream from the existing dam at West Hopkinton,
New Hampshire. (Seco Plate 47.) The river at the site flows
eluoat due north in a deep, narrow, very steen~walled valley
which it has excavated through a hill of glacial till. Both
abutments and the valley bottom are composed almost entirely
of this glacial tills. The pre-glacial valley of the Contoo-
cook River apnears to lie immediately under the gite and runs
toward the northeast. Rock is very deeply buried over tiae
entire site,

b. Pleld Exploration of Foundation.- The foundation
exploration included the gensaral geological study of the valley
and the drilling of 3 holes with a total fcotage of 225 feset in
overburden. (See Plato 47.) During exploration for borrow
materials for the dam at the initlally selected site below Weat
Hopkinton, 4 test pits were excavated on the left abutment as
shown on Plate 52, which revesl the charamcter of the material
in the uppor region.

&« QOverburden and Rock Conditions at Site.— The
overhurden in the abutments and valley bottom is a glaclal
till deposit consisting of very compact clayey, silty sand and
Zravel, which ls somewhat variable but nol gtratified. Pre-
liminary investigatlions indicate that the till in the leower
rogion in the left abutment is slightly more sandy than in
other reglons, According to the goologleal and drilling in-
formation, rock is at least 70 {ast below the valley fleoor.
The clagsification of the overburden at drill) holes D=1k, D-1K
ond D-29, which is considered represontative, 1ls shown on Plate
49, Tynical grain-sizo curves of the overburden aro shown on
Plate 54, In general, except for the more sandy deposit in the

-] -



left abutment, the compact glacial till has a uniforn co«
efficient of permeabllity probably approaching 001 x 1077 cm.
per second, The coefficient of permegbility of thﬂ gendy till
in the left cbutment is estimated to be Q.01 x 10 7 cm. per
sceond. Im tho valley bottom there are deposits of till con-
sisting mainly of clayey silt and fine sand. Prior %o final
design, the materials in tlhese denosits will be extensgively
investigated to determine their characteristics. It is be-
lieved, however, that thec materials in all deposits of over~
burden at the dam sitc have ample shearing strengths to permit
a normal deslgn of the eosbankment and condult.

2. Dike H~2.-

a. Geology and Degcription of Dike Site.~ Dike H-2
is located about one-half mile southeast of the center of West
Hopkinton. It extends west from Emerson Hill across the Elnm
Brook Valley as shown on Plate 47. The valley at this site is
broad and Tlot and 1s deeply filled with variable glacial and
aqueoglacial denosits. Bedrock is decply buried except ncar
the right abutment. The left abutment is a gand terrzce sur-
moun tea by low, irregular kames.

b. Fileld Exploration of Foundation.- Exploration in
the v1c1n1ty of Dilke He2 consists of {1) auger holes and test
plite originally intended for the location of horrow meaterials
for the embankment at the lower site (scc Plate 52), (2) drill
holes and selsmic lines for the development of an alternate
spillway site through the right abutment of the dike, and (3)
drill holes and seismic lineg for the exploration of the¢ founde-
tion of the dike., (See Plate 47,) Of this work, the explora-
tion which is pertinent to the foundation of tho dike consists
of 3 drill holes, 2 test pits and 11 auger holes.

¢. Overburden and Rock Conditions at Site.~ The
overburden in the left abutment and valley bottom is water-
1aid deposits of variable sands and siltse In general, in
the valley hottom below the 385 surface contour, the overburden
varies from uniform fine sand near thc suriace to uniform fine
gand and silt at o depth of 15 feet. It is cstimnted that the
coefficient of permeapility of the overburden in this section is
approximately 1 x 107 cm. ver second, and from preliminery in-
vestigation, the overburden does not appear to be greatly strati—
fieds On the left abutment and in the valley bottom near the
right atutment the top overburden isstratified variable sands.
The overburden on the right abutment is a sandy glecial till,
It ie estimated that the coefficlent of permeabvility of the
strotified sand and right abhutment material varies from 1 to
100 = 107 cm. per secord. Bedrock is more then 60 feet deep
in the valley bottom and under the left abutuent. It riges in
the right abutment, outcropping ab gseveral places. The bedrock
in general is a schist with sone granite zonese Overburden and
rock descriptions at drill holes in the vicinity are given on
Plate L9, Typical grain-size curves of the overburden naterials
are shown on Plate 55.
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3. Dije E-3.-

&. Geolozy and Descrintion of Dike Site.- The site of
Dike H-3 is located approximately 2 miles northeast of West Hop-
kinton. {See Plate U7.) The dike extends across a pre-glacial
valley so that rock id only accessible near the westorly cend.
The overburden in the valley bottom end abutments is variable,
consisting of glacial and aqueoglaclal deposits of sands.

b. Field Exploration of Foundation.~ The foundation
exploration consists of & geological study of the site and the
drilling of one hole, D=31., (See Plate 47.)

c. Overburden and Rock Conditions.~ The ovorburden
consists of stratified sands which have an eﬂtimated coefficient
of permeability varying from 0.1 to 50 x 1077 em. per second,
General clussificotion of the overburden at D-31 is given on
Plate 49, All overburden materisls in the dike foundotion have
ample shearing strength for normal design.

4, Spillwaye-

a. Field Exploration for Spiliway.- Three alternate
locationg of the apillway on bedrock foundations are available
in conjunction with the location of the dam above the villago
of West Hopkinton, all three of which have been explored, sur-
voyed and cstimated. One possivle spillway site on the west
glope of Emerson Hil)l, which forms the right abutment of Dike
H-2, has been explored with 5 drill heoles and 23 seismic lines.
The extent and location of the nertinent axploration for this
site are ghown on Plate 47. A second vossidle spillway site on
the ridge southeoast of Emerson Hill was cxplored with 29 sceismic
lines (see Plate U7). For a spillway at this site, Dike H-3
would be replaced by a dike extending along the ridge anrd easgt-
ward to a suitable abuiment ag indicated by the outline desig-
nated as Dike H-1 on Plate 47. A third possible spillway site,
which is the site selected and doscribed herein, is locoted
through the east slope of Emerson Hill, which forms the left
abutment of Dike H-3, This ares has been explored by geological
reconnaigssance and 7 drill holes (sce Plates U2 and U7).

b. Cverburden and Roclr Conditiong a2t Selectcd Snillway
Site.~ In goneral, tie overburden at the selected spillway site
is variahble, siliy and gravelly sand with houlders on the hill-
side and uniferm, slightly gilty sand in the valler bottom, Roclg,
as shown by the preliminary rock contours on Plate U2 piepared
from the drilling data and ohservation of rock outerowns, slopes
toward the northeast and is fairly deeply buried in the vicinity
of the river. The rock ig a granite, generally gound and suitable
for structure foundetions. JDPescriptions of the overburden and
bodrock at drill holes D-16, D-18, D-19, D-20 and D-23, which are
in the viecinity, are given on Plate 49, Typical grain-size
curves of the overburden are shown on Plate 56.
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5. £anal Ho, lu=

8. Geology and Description of Silte.~ Canal No. 1, lo-
cated through the right abutment Just upstream from the West Hop-
kKinton dam site, comnects the Contoocook River and Elm Brook
valleys, as shown on Plate 47, The ridge through which the canal
will be cut ls composed almost entirely of very compact, silty,
glacial till,

b. TField FEiploration of Site.~ The overburden in and
adjacent to the proposed conal area was explored by 2 drill holes
as shown on Plate 47,

&+ Overburden and Rock Conditions.~ The overburden
is a very compnect, silty and gravelly sand. Typical grain-size
curves ave shown on Plate 57 {impervious material), ond descrip-
tions of the overburden at the drill holes are shown on Plate U9,
Exploration indicatss that bedrock lies below the proposed canal
tottomse The overburden is very impervious and it 1s estimated
that the matcerial lhas an angle of internal friction of 30 degrees
and a cohesion of 0.20 ton ver square foot in the natursl state.
It is believed that the ground-water tsble lles at a great depth
below the surface of the ridge.

b, Zxploration for Matorials and Swmmary of Diatribution.—

8+ A sumpory of the sources of materials for embank-
ment construction and concrete aggregates and the diatributien
of thege materisls to the several structures of the West Hop-
Einton group are contained in Table 1.
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b. The exploration tfor Canal Fo. 1, the excavation from
which provides the entire source for lmpervious £1i11 in the en-
bankments in the vieinity of Weet Hopkinton,is described in para-
graph 5, The material from thils sousrce is a silty and gravelly _l
sand estimated to have a coefficient of permeability of 001 x 10
cme por second, an angle of internsl friction of 2B degrees, and
a coheglon of 0.20 ton per square oot when compacted in the em-
bankments. Typical grain size curves of this material are shown
on Platc H7.

¢. The exploration for the spillway from which all
rock fill for the West Horkinton struchures and pervious fill
for Dike H-3 will be obtained is described in paragraph 4. The
pervious materinl from this source is variable, ranging from {ine
to medium sand to a very silty, slightly gravelly sand. Typical
grain-size curves are shown on Plate 56. It is estimated that
the material will have a coefficient of permeability of approxi-
mately 1 x 107 cm. per second and an angle of internal friction
of 36 degrecs when compacted in the erbankment. Exploration for
pervious borrow to supplement material obtained from the spill-
way cut for use in Dike H~3 was performed by excavating sond
sampling 5 test pits in the vicinity of the east abutment of
Dike H-~3 as shown on Plate 52 prior to the discovery that the
quantity avallable from tho spillway was both suitable and
sufficient,

4. The oxplorstion of vorrow areas, to supply the re-
maining nervious f1ll reguirenents of the West Hopkinton strue-
turee and the entire requirements for sand and gravel fill,
grovel filters and concrete agsregetes Tor these structures, is
shown on Plate 52. Thege borrow areas were located and explored
in connection with previous investigations for materisls for the
dam at the lower site, using a total of 72 test pits and 7L
auger holes, of which &7 test pits and 7 auger holes remein per—
tinent for the location of these naterials for the upper site.

The pervious material available from this scurce is a well-graded
fine to coarse sand with a minor gravel content, typical grein-
slze curves of which are shown on Plate 77« The results of pre-
liminary tests indicate that the material in a compacted state Y
will have a coefficient of permeability »f approximetely 200 x 107
cme per second and an angle of interanal friction of 36 degroes.
The deposit from which filter and agsregate materisls will be ob-
tained contains well-;raled, clean sand and gravel which averages
sbout 40 percent by weight greater than 1/U inch according %o
fisld screening tests, The materinl passing the 1/H-inch sieve
containg less than % nercent silt.

7. Preliminary Desirn of Structureg.-—

a. Nest Hoplinton Dam.~ This dam (see Plates L0 end
L1) is located on the main river and consists of an earth embani~
ment retaining section and twin conduit flood control outlets.
The entire dam is founded on the comnact and impervious glacial
t1ill overburden of the site, bedrock belng buried at inaccessivle
depths. The embarimment has a crest length of 670 feet, & marimum
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height of 75 feet, and a gross volume of 240,000 cubic yards of
all materials., The embankment contains a large central compacted
impervious fill sectlon vhich is extended into the valley bottom
and. ahutments in a tronech to form an impervious seel with the
foundatlon. Tho imporvious scetion is flanked upstream and down-
stream with pervious fill to provide stability of the slopes &nd
control of the seepage. The entire upstream slope and the npor-
tion of the downstream slope below El. 390 are protected against
wave action, rain wash and oddies with dumped rock fill backed

by a laycr of gravol. Tho downstream slope above Ele 390 is pro-
vided with a coverinz of sod. Materials for the embonkment will
be obtained from the sources indicated in Table 1, The outlet
works are benched in the till of the right abutment and consist
of an intake struvcture, twin semi~circular roofed conduits, and
stilling vasin, ZEach conduit is 11 feet wide by 13 feet high

and is controlled by two 7 x 10-foot gates. The outlet struc-
tures are of reinforced concrete throughout.

be Dike H-D0,~ The preliminary design of Dike H-2,
vased on limited exploration of the foundation and available
vorrow catorials, is shown on Plates 40 and 41, The dike will
have a top lengzth of 3600 feet, a maximum helsht of 70 Teet,
and a gross volume of 98(,000 cubic yards of all materials,

The maln body of the cubankment will be constructed of rolled
impervious fill which will be extended into the foundation in a
trench a nominal distance of % feet., A blanket of the same mate-
rial will be extended from the impervious fill of tho embankment
a distance upstream sufficient to provide safe reduction and
control of the seepage throurh the foundation, The impervious
£111 asection of the eunbaniment will be flenked both upstream and
downstream by rolled pervious fill soctions to add stability to
the slopes. A drainage tronch excavated into the foundation to

a depth of 10 feot and backfilled with sand and gravel will be
constructed at tlo downstream toe of the embaniment to provido a
gafe ocutlet for seepage. The upstream slope will be protected
from wave acticn by roclt £il1l pleced to & depth of 5 feet normal
to the slope and bhached by & 1-foot layer of gravel. The down-
stream slope will be covered with sod, except tiiat below El, 390
the toe of the embanlment will ve protected with rock fill. Mate-
rials required for the construction of the embanlment will be ob-
tained from the sources indicated in Table 1.

¢+ Dike H-3,~ The preliminary design of Dike H-3,
based on limited exploration of the foundatlon and materials
available, 1g shown on Plate LY. The dike will kave a top length
of 3900 feet, a maximum height of 63 feet, and a gross volume of
3L0,000 cubic yards of £ll materials. The embankment containsg a
narrow central rolled inpervious f£ill section which will be ex-—
tonded into the foundation in a trench a nominal distance of B
feet., A blonket of the sume matorial will be oxtended upstrcam
from the lupervious core a distance sufficient to provide safe
reduction and control of the seepage through the foundation.

The impervious core will be flanited both upstream and downstream
with rolled pervious fill sections, which in turn will be flanited
by outer rock-fill scetions which w41l be scparated from the wer-
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vious i1} vy a 2-FToot normnl thiclmess of sand aad gravel. A
drainage trench under the downstream toe will be excavated to a
depth of 12 feet into the foundation amd backfilled with filters
and rock fill to provide & safe outlot for foundation soepagoe.

d. Spillway.—- 4s outlined in paragraph dg of this
aprendix, exploration, surveys and estimates have been made of
three slternate spillways in conjunction with the location of
the Wost Hookinton Dam at the upper site. Cost estimates of
the several layouts, including costs of other factors affected
by the alternate locations, indicated a close agreement between
all three sites. The slte sclected offers the safest solution
to the passing of floodwater becauss of the remote location of
the discharge channel] with reference %o adjacent earth strue~
tures. It avoids, in addition, the necessity of excavating a
long discharge channel to rsturn the flow to tho natural river
channel and, further, it offers the best opportunity for the
development of power at the sito should future requirements in-
dicate a nower installation to be desiradle. Tho spillway will
consist of @ chonnel 30C feot wide cut in the overburden and bod-
rock of the hill forming tho left abutment of Dike H-3 (gee Plate
12). The average length of the channel from the control weir %o
the end of the stilling basin will be about 120CQ feet. The con-
trol welr will be a conercte cap of Ogoe shape constructed on the
bedrock floor of the chamnel, will bo placed at an angle of ap-
rroximately 30 degrees with the axis of the channel, and will
have a crest length of 650 feet. A secondary concrete weir
normal to the axis of the chanmel will be constructed below the
main control welr to wrovide the depth of tallwater in the upper
channel section required for satisfactory hydraulic action of
the spillway to produce a reasonably unitform distriduiion of
flow in the channel below. Concrete gravity retalning walls
will be congtructed along the sides of the channel where and to
the heights requirsd to retain the depth of flow Jor the maxinum
design dischargo condition.

e. GConal No. 1~ This canal consists of a channel cut
through the impervious glaciasl t111 ridge separating the Contoo-
cook River and Elm Brook valleys (see Plates 40 and Y1)}. The
naxinum depth of cut to the canal floor at Zl. 380 is 110 reet.
The bottom width of the canal varies from 120 feet at the en-
trance to 150 feet at a distance of approximately 1130 foet
from the oentrance, from wiich point the width decrcases in o
Gisteonce of 920 feet to 50 feet which is maintained to its
ternination near Eln Broock. The initial section of the canal,
1130 feet long, passing through the reglon of heavy cut, will
be protected against scour and sloughing with a blanket con-
gisting of 3 feet of dumped rock backed with 1'-6" of sand and
oravel which will be placed on the floor and side slopes of this
section up to Bl. 430 (slightly higher then the maximun water
surface of the spillway dosign flood)s. Thoe sido slopes of the
cenal will be cut to 1 on 2-1/2 below Els 430 and 1 on 2 alove,
vhien arc believed to be satisfactory in vicr of the rock fill
proteetion provided aad tiic probadle low natural level of ground
water in the glacial deposit tihrough which the canal will be out.
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PART II. CANAL NO». 2

8. Goology and Description of Site.~ The canal, located
aporoximately U miles southeast of West Hopkinton, N. H,, con-
nects the valleys of Elm Brook and Choate Brook as shown on
Plates 2 and 43. The headwaters of Elm Brook, which is a trib-
utary of the Contoocook River, are separated from Cheate Brook
by a low marshy divide. Choate Brook is & small tributary to
the Piscataquogz River. In pgeneral the brooks are sluggish
streams flowing between low banke in dbroad marshy valleys.
Choate Bronl: is somewhat constricted in the region near Sugor
Hills Irregularly elongated bodrock hills rising 100 to 250
feat above the valloy flooru bound the valleys on both sides
and outcrops are abundant on the hillsidos.

9« Exploration.~ The area through which the propesed canal
is located has received a general geclosical stuwdy from reconnals-
sance data and has been investigated in detail with 89 seismle
lines, 14 drill holes and 52 probings. The seismic lines and
drill holes were used to deftermine the surface of the boedrocks
Auger holes were used to trace the limits of muck areas, The
location of the drill holes is shown on Plate 43,

10+ Rock Conditionse.~ ZFrom ocutcrops and drill hole data,
the rock appears to be a schist with considerable permatite or
granite arens. Deseription of the bedroct at drill holes D=l to
D-14, inclusive, which are located in the canal area are given
on Plate 50. A bedrock contour map which hns been used for
estimates of rock excavation was prepared from the data obtained
from seismic and drill hole exploraticn. A profile of the rock
surface an the centerline of the canal is shown on Plate 43,

11. Overburden.~ Data obtained from drill holes, augering
and seismic investigations show that the overburden in the canal
arsa is quite variable.s In general, the overburden is a silty
and gravelly sand with probable numerous localizod cobbles and
bonlders. In the areas between Stations 1H5+00 and 32400 and
near Station 75+00 {sec Plate H}). the top overburden consists
of unstable goft muck which extends to depths varying from 3 o
25 feets Descriptions of the overburden at the drill holes are
riven in Plate 50,

12, Design and Degeription.- OCannl No. 2 will have a total
length of 11,500 and will require the excavation of 1,500,000
cubic yards of overburden and 84,000 cubic yards of rock. The
botton width of the canal will be 170 foet. The sides will be
excavated to a slope of 1 on 2-1/2 for the greater length of
the canal where stable materials occur and to a slope of 1 on 5
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where the overburden has been found to be unstabvle. A concratoe
gravity weir, founded on bedrock and having a crest clovation

of 400, a net crost length of 300 foet and a maximun height of
32 feet will be constructed across the canal at a point approxi-
nately 2000 feet from the Everett ends The weir will serve to
reduce the frequency of passing flood water to the Evarstt side
of the regervoir, control velocitics in the canal under all disg-
charges to & maximam of 6 foet per second and, in the future,
engble the convorsion of a limitod amount of storage in the West
Hoplktinton Basin to conservation use should such multiple-purpose
operation of the reservoir be found desirable. The side slopes
of the canal below the welr will be covered with 3 feet of
dumped rock as a protection against serious erosion from possible
high velocities.
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PART IIl. LEVERETT DAM

13. GCeology and Description of Dam Site.= The Everett
Dam Site 1s located approximately 1~L/lt miles southeast of
East Weare, N. H., on the Piscataquog River (see Plate 2).
At the site the river flows in a narrow valley, the right
gide of which is a precipitous rock cliff and the left, a
moderately steep slope with almost continuous rock outcrops.
The overburden in the valley bottom 1s gonerally less than
30 foet in dopth and 1s a sand and gravel doposited by the
glacier and by swollon and debris ladon streams from the Con-
toocool Valley. At the base of the precipitous eliff there
are bouldors which havo avalanched from the higher slopes.

14, TField Exploration of Foundation.- The foundation
exploration comnleted to date includes the drilling of 9 holes
with a total footage of 180 feet in overburden and 2U5 feet
in rock end the determination of rock clevations by 24 seismic
lines. The location and extent of the exploration are shown
on Plate 48, Three drill holes were pressure tested to maxi-
munm depths in rock ranging from 30 to 50 feet,

15. Overburden Conditions at Sites~ The overburden
over the left abutment 1s generally shallow consisting of
variagble gravelly sand and in the valley bottom is generally
leas than 30 feet deep consisting of pockets, lenses and strata
of variable sands and gravels. The overburden on the right
abutmont whilch is gbout 15 feet deep contalns numerous large
boulders which have avalanched from tho higher slopess The
classification of the overburden at each drill hole is shown
on Plate 5l. Typical grain size curves of the overburden in
the valley bottom and on the rizht abutment aro shown on Plate
K8« According to the preliminary tosts the overburden in the
valloy bottom_ﬁas a, coofficlont of permeability ranging betwoen
1 and 25 x 10 ~ cme por sec,

16. Rock Conditions at Sites.~ Many rock outcrops occur
at the dam site and its viecinity. The preliminary rock conw
tours shown on Plate U and the centerline profile on Plate U5
were developed from rock ocutcrops and the results of drilling
and seismic investliezations. The bedrock of the left abutment
slopes vestward and meets the right abutment rock at a depth of
30 feet near the west side of the valleys. ZRock is generally
exposed or close to the surfaco on the left abutment in the
proposed area for the spillway. Outcrops extend on the left
abutment for several hundred fect south of the proposcd center-
line beyond which the rock slopos southward., The bedrock of
the right abutment follows the slopoe approximately 15 fect bolow
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grourd surraccs Around elevation 420 on the right abutment
there is a shelf about 100 fect wide as shiown on Plate 4§

above which rises the precipitous ledge e¢liff. The bedrock,

ag ovidonced by the rock coros and outecrops, is in goencral a
schist with occasional small granite and felsite dikes. Cone
tacting the schist on tho right sbutment around clovation LU0
is a coarse porplhyritic gncissg. Thc bodrock along tho centor-
line including the right abutment is structurally sound with
only minor weathering and occasional fractures and jointse
Downstream in the vicinlty of d&rill hole I9 in the outlet dis-
charge channel the roclk is badly fractured and brecciated along
several probably ancient shear zcnes. Recementation with cal-
cite has occurred in these shear zones. According to the pres-
sure pumping tests, the rock at the centerline contains only
very minor fissures and seams. The maximum loss of wator was
about le.3 gallons por minute under a pressure of 25 pounds per
square inch.

17. Materials for Imbankment and Concrets Agarezabcse—
(a) Exploration.- EBxploration to locate suitable materials
for the embaniment and for concrete aggregates includes the
excavation and sampling of 89 test pits and auger holes with
a total of 6Ul feet of excavation and 175 feet of nugering,
One hole was drilled to a depth of 31 feet in the borrow area
for impervious material. The location and axtant of the ex-
ploration are shown on Plate 53. It is believed that ample
quantities of satisfactorr materials for the consgtruction of
the embonkment and the production of concrete aggregates are
avallable in the borrow areas explored in combinatlion with mate-
rial from structure excavation at the damsite,

(b) Pervious Material.- Material for the compacted
pervious fill sections of the embankment is available from the
pervious borrow area (Plate 53) adjacent to the site and is a
gravelly fine to coarse sand. Typical grein size curves of
the material are shown on Plate 59. According to the preline
inary tests the material when cpmpacted has a coefficilent of
permeability of about UOO x 107" cme peor sec. and an angle of
internal friction of 36 degrees. Matorial from the proposad
structure cxcavation arcas is a woll graded gravelly sand,
suitable for fill in the porvious sections of the cmbankmont.

(c) Impervious and Selected Impervious Materials.-
Impervious material 1s available from the borrow area located
approximately 1-3/4% miles from the site ns shown on Plate 53,

In general, the borrow ares dewosit containg a well graded very
silty sand till. 3Below this sandy till, it is believed that

more impervious material exists to a limited extent, This mate-
rial, termed "selected impervious", is a well graded sandy silt
with about 5% clay sizes. Typical grain size curves of the im=-
pervious and sclected impervious materials arc shown on Plate 60.
From tho proliginary permeabllity tesis the coefficient of per-
meabdbility of tho imporv&ous andl sclected impervious materials

arc O« and G.001 x 1077 cms por secs, respectivaly. Proliuinary
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tests show that the selected impervious material has a shearing
strength equivalent to approximately a colicelon of 0.1 ton per
square foot and an angle of intcrnal friction of 25 degrecs,
The preliminary tests showed that thoe imporvious material ‘has
an angle of intcrnal friction of apvroximately 36 degrees and
no appreciable cohesion.

(d) Sand and Gravel for Filters and Backing.— The
sand and gravel materials for filters and backing are available
from the borrow area for pervious material. The material in
the deposit iz a well graded clean sand and gravel which, ac-
cording to the field screening tests, averages about 00 percent
bv weight of gravel sizes groater than 1/4 inch.

(e) Rock.- Rock which is suitable for rock fill and
riprap is available from the prepesed structurc excavatian and
is, in goncral, o schist as deseribed in paragraph 16,

18. Selection of Type and Arrangement of Structuresg.-
(a) ZEmbankment.~ It is pronosed to construct an earth embanke
ment, to serve as the mein retaining section of the Everett Dam,
having 2 length from the right abutment to the spillway of 1250
feet and a maximum heilght of 115 feet (soe Plates 45 and U46)
using the materials described in paragrapih 17. The embankment
will contain a central compacted imporvious Fill section which
will extend to rock for the entire length of the aubaniment.
A concrete cutoff wall founded on the uncovered bedrock surfacse
will be constructed in the narrow trench section of the ceore
to afford greater inpermeability to percolation. EKowever, if
additional exploration disclosos a sufficient quantity of the
naterial designated as "selected impervious" in paragraph 17c,
consideration will be miven to the uso of this material in the
trench which, because of its greater impermeabllity, will elim-
inate the need for a conerete barrior. The compacted impervious
core will be flanked with compacted pervious fill sections which
rest on the foundation overburden materials and in localized
areas on bedrock. A dumped rock fill sectlon backed with a
layer of sand and gravel will be placed on the upstream glope
to protect the embankment during reserveir drawdown and from
wave action. Since the foundation overburden and the material
in the downstream section are relatively pervious compared to
the core material, no dralnage features in the downstrean sec~
tion will be required for the control of secpage. A small down-
atrcam rock toe will be provided to protect the smbankment
againagt any possible toe erosion.

(b) Spillway and Outlets.~ The spillway will be
located on the broad bedrock exposure of the loft abutmont and
will be a low=helght gravity structure having an overall length
between rctaining walls flanking the adjoining embanlment soc-
tiong of 212 fect and o not width, dedueting the two plers of
the accoss bridge, of 200 fect. Flood control rsgulation will
be provided by ocutlet works entirely founded on bedrock and
extending through the embaniment approximately midway between
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the spillway and the present rivoer channel.e The outlet works
will consist of an approsch chamuel, a reinforced concrcte in-
take structurc end two rectongular conduits 7 feot wide by 8
feet & inchos high, which will extond through the embankmont
for a total distanco of 390 foot to a conveontlonal type con-
crote stilling basin. Each conduit will be controlled by a

7T x 9 foot sorvice and omcrgency gate contalned in the intake
structurc. Tho outlet discharge channel will Jjoin the rivor
approximately 360 feet below the toe of the embankment.

(c) Economy of Constructions.- The arrangement asnd
type of structures described above are believed to be the most
economical for the site because of (1) the accessible and fave
orable location of bedrock on the left abutment for thoe con-
struction of a spillway and spillway discharge channel and the
construction of the outlet works, (2) the suitability of carth
and rocik materials obtained from excavation for these structures
for usc in the embankment, and {3) the availability of satis-
factory borrow materials in ncarby borrow arcns and the suit-
ability of the foundation for the safc construction of an carth
embankmonts The cost of an all-conereto gravity dam would ox—
cood comsiderably the cost of the structures proposed.
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PART IV, DIKES P1 AWD P2

19. Geology and Description of Sites.~ Dikes Pl and P2
are located near two dividee beiween the valleys of Stark Brook
and Bela Brook approximately 8 miles southcast of West Hopkine
ton, Ne He, near Pages Corner, as shown on Plate 2. The saddle
in which Dike P2 is located is a rock divide with shallow over-
burden of variasble silty sand and gravel. The bedrock in gen-
oral is a schist cut by quartz and granitic zones. Bedrock in
tho vicinity of the site for Dike Pl is not accossible and is
deoply covered with variable deposits of stratified sands.

20. Exploration.- The szites and vicinity have been ex-
plored by geoclogical reconnaissance to determine the foundation
conditions and to locate suitadble embankment materials. The
depth of overburden along Dike P2 has been determined with 6
seismic lines. No test pite or drill holes have been cmployed
in the exploration.

2ls Proliminary Desisn of Embankmcbtse~ According to the
geology of the region, it is belioved that the foundations are
gatisfactory and that suitable embankment materianls can be ob-
tained readily. On this basis, the conventional designs shown
on Plate LU have been prepared for this report. Dike Pl will
have a top length of 3550 feet, a maximum height of 48 feet,
and will contain a gross volume of fill of 480,000 cubic yards.
Corresponding fisures for Dike P2 will be: Longth, 2380 foetb;
height, 27 feet; and, fill, 10,000 cuble yards. According
te the seismic information, tho overburden along the centerline
of Dike P2 varics from 2 to 12 fect in depth oxcept under the
right abutmeant, which will permit the construction of an econ-
omical cut-off to bedrock for the greater length of the embank-
ment. The 3-foot blanket of dumped rock shown on the upstreanm
slopss of both dikes and the material for hand-placed riprap at
the downstream toes will be obtained from rock excavation in
Canal No. 2. To avoid unnecessery interference with local de-
velopments Dike P1 has not been located wheroe the minimum volume
of i1l 1s obtained. Preliminary studies indicate, however,
that the location selected, considering all items of cost in-
volved, 1s about economically equal to thse location regquiring
the least volume of fill.
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PART V « CONSTRUCTICOX PROCEDURE

22, General.- There are three general groups of construction
operations involved in the Hopkinton-Everett project!

(a) Wesat Hopkinton Structures (Dam, Dikes H~2 and
H-3, Canal No. 1, and the spillway)

(v) Everett Dam
(¢) Canal Yo, 2 and Dilkes P-1 and P-2

These groups of operntions can be c¢arried on similtaneously or in
gequence, The project, therefore, can be accomplished by means of
one, two, or three separate contracts as desired. If the groups of
operations are earried on iu scguence, the West Hopkinton group must
be completed firgt, and FEverett Dom wust be gubstantially completed
before Canal No. 2 is cut through entirely.

23%. West topkinton Structures.- Two seasons will be required
for the construction of this group, one season before diversion of
the stream and one following. The initial work will consist of the
preparcation of foundations for Dikes H-2 and H-3 and stripping of
Canal No, 1, the spillway and borrow arens for pervious and sand
and. gravel materials., Provision tor passing the flow of Elm Brook,
which haz s drainage area of 9 square miles, will be made during
the first season of construction of Dike -2, elther by placing a
culvert in the fill which will be subsequently sealed or dy leaving
& gap in the fill until excavation of Canal Mo. 1 has progressed to
a depth sufficient to permit diversion of the drook to the
Contoocock River., No provisionsg for diversion are required at Dike
H=3, except possibly for the constrmetion of a smnll dike across
the valley bottom and carly cexcavation of the drainsge channel
shown on Plate 47, The outlet works of the West Hopkinton Deam will
be constructed in the latter part of the first season, during which
time the present pond st the site will be druwn down and a low cof«
ferdam placed in the river poralleling the outleot works construection
area t0 enable operntions to proceed in the dry. In tho spring of
the second season, an earth and rock fill coffordem will be con-
structed ncross the river between the intake structure and left
abutment for diversion of the river through the outlets, and o
smaller downetreom cofferdam will be ploced between the stilling
bnsin and left abutment to permit unwntering of the site. Completion
of the excavation of Canal No. 1 and the spillway, and placing and
compacting fi11 in the dsw and two dikes, will bc continued and com-
pleted in the second scason.
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24, Bverett Dam.~ The outlet works will be completed in
full, except for upper lifts of the intake structure, prior to
diversion of the river. In the prosecution of this work the con-
struction of the conduits will be accomplished first, to enable
direct placement of materials from the belance of the excavation
for the outlet works in the portion of the cmbarkment located over
the conduits between the river and the spillway. The upstrean and
downstream cofferdams will be principally of rock fill, with outer
impervious blankets, and will form a permanent part of the
embankmnent, except possibly for the removel of the downstroam im-
pervious blanket. The upstream cofferdam will be 35 to 40 fect
high, since the outlet invert will be approximetely 15 faet above
the present water level. Following construction of the cofferdams,
the central core trench will be excavated to rock, the concrete
cut=off wall placed, and the trench backfilled. Excavation of the
spillway to supply pervious fill and rock, and working of the
impervicus borrow area, will be prosecuted as regquired for the con-
struction of the embankment. Concrete aggregates will be processed
from material avalladble in & sand and gravel scurce adjacent to the
dam gite, Construction of Everett Dam will be completed in two
BEABONS .

25. Canal No, 2 end Diles P=1 and P-2.- Thes excavation for
the canal will be initimted from either or both ends to provide
érainage of the swampy canal arce by gravity., The earth excavation
will be deposited in wasts areams bordering the canal. Occasional
haul of earth will be regquired for the construction of spoil dikes
across bordering flats to provide a uniform cross-gection and for
direction of canal flows. Arens behind these dikes will be drained
by culverts placed in the fill, Rock excavation will be used for
protection of the cannl side slopes in earth, possibly for slope
protection on the reservoir side of the dikes, and the balance
wasted in spoil areas, Dikes P=1 and P-2 will be constructed of
rolled earth fill, with reserveir slopes protected by rock fill
obtained from the eanal excavation., Excavation of Canal Ho. 2 ond
construction of Dilkes P~1 and P~2 will be accomplished in two
Seasons,
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DEFINITE PROJECT REPORT

HOPKINTON-EVERETT RESERVOIR

APPENDIX D

DETAILED ESTIMATE OF COST

I. LAND, RIGHTS-OF-WAY & RELQCATIONS

Quantity Unit Price Total Cogt
Land v+ & &« v v 0 L e 0L e 7,450 acres $ 22.25 $ 168,000
Buildings . . . . . . « . . .. lump sum - 510, 000
Cemetery relocation (2,880 graves) lump sum - 144,000
Power and telephone relocation . lump sum - 5, 000
Water gystems . . . . . . + . . lumo sum - 13,000
Legal expenses and surveys . . . lump sum - 1203, 000
Sub-Total $1, 020,000
Engineering, Overhead & Contingencies (25%+) 255, 000
Sub~Total a $1, 275, 000
Highway relocation (21 miles). 2 lump sum - 1,250,000
Railroad relocation (5.25 mi.) ? lump sum - 800, 000
TOTAL - LAND, RIGHTS-OF-WAY & RELOCATIONS $3, 325, 000
II. HEZSERVOIR CLEARING

Wooded area -~ complete clearing 370 mcres $ 125.00 $ Uh,250
Wooded area - partial clearing . 3,510 acres 25,00 87,750
Cleared areas . . . « . « - . . 2,330 acres 5. 00 11,650
Sub-Total $ 145,650
Engineering, Overhead & Contingencies (35%+) 50,350
TOTAL - RESERVCIR CLEARING $ 196,000

(1) Fstimate furnished by New Hampshire State Highway Department

(2) Estimate furnished by Boston & Maine Railroad Company
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III. WEST HOPKIXTON DAM (Top of dam Bl. 432; Spillway Zlev. 412)

antit Unit Price Total Cost

Stream diversion & pumping . . . lump sum - $ 80,000
Clearing & grubbing dam site . . lump sum - 5,000
Strippirg . . . C e e 2,000 c.y. $ <50 15,000
Common excavatiorn & haul . e e 8,000 c.y. JLO 19, 200
Impervious borrow . . . . . . . 150,000 ¢c.y. (obtained from Canal #1)
Pervious bvorrow . . . /2,000 c.y. RIS 23,400
Structural backfill - compactud 23,000 c.y. g 9,200
Rolling impervious fill . . . . 138,000 ec.y. .12 16, 550
Rolling pervious fill . . . . . 47,000 c.y. .12 5, G40
Rock fill and dumped riprap . . 35,000 ¢.y. .50 17,500
Riprap (hand-placed) . . . . . . 1,100 c.y. 2.50 2, 800
Screecned gravel . . - . . . . . 4,000 c.y. 2.00 &, 000
Concrete = conduits . . . . . . 2,000 c.y. 16,00 32, 000
n - walls . . . . 3,500 c.y. 16.00 56, 00C

n ~ intake structure and

bridge pier . . . . 3,800 c.y. 12,00 A8, U00

Reinforeing steel . . ., . . . 850,000 lbs. .05 L2, 500
Trash bars (installed) . . . . . lump sum - 8,000
Gates, guides, hoists & liners ., lump sum - 50, 000
Crane . . . e+« + . Jump sum - 2,000
Cperating house super tructure » lump sum - 25, 000G
Topeoil and seeding . . . . . . lump sum - 2,000
Access road . . . . .« . . . « lump sum - 10, G00
Service bridge . . . . . . . . . 1lump sum - f, GO0
Miscel laneous items . . . . . . lump sum - 26, 800
Sub~-Total $538, 000

Tngincering, Inspection, Overhead & Contingencies (35%i) 188,000

TOTAL CO:iSTRUSTICN QOST ~ WEST HOPKINTON DAM $726, 000

= - [ —— —
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IV. EVERETT DAM (Top of dam Flev. 430; Spillway Flev, L1lU)
Quantity Unit Price Total Cost

Stream diversion and pumping . . . lump sum - § 35,000
Clearing and grubbing dam site . . Junp sum - 8,000
Stripping dam site . . . . . « . . JO,H00 c.y. $ 0.40 28,200
Common excavation and haul . . . . 162,000 c,y. 0.40 A4, 800
Rock excavation and haal . . + . . 150,000 c.y. 2400 300,000
Impervious borrow . . . . . . . . 205,000 c.y. 0.50 102,500
Pervious borrow . . .+« . . HBZ,000 c.y. 0.35 170, 800
Structural backfill - compacted . 4,100 c.y. Osl45 1,800
Rolling -~ impervious fill . . . . 190,200 c.y. 0.12 22, 800
" - pervious fill . . . . . 586,900 c.y. 0.12 70,400
Rock fill and dumped riprap . . . 195,200 e,y. 0 L0 78,100
Sand oand gravel backing . . . . . 23,000 c.y. 1.20 27, A0
Drilling holes for grouting . . . 8,900 1l.f1. 1.00 8,900
Pressure grouting . . . « « . . ., 9,600 c.f. 1,25 12,000
Line drilling . . « « + + « . . . 11,400 s.f. 1.00 11, 400
Hand-ploced ripran o &+ .« ¢ o . . 3,100 c.y. 2.50 7,800
Screened gravel . . . . . . o ., 5,000 c.y. 2.00 10,000
Concrete - spillway,plers & walls 15,500 c.y. 13,00 214, 500
" intake, gatehouse nnd
conduits . . . . . . 5,300 c.y. 16.50 104, 000
" stilling vasin . . . . 4,500 e.y. 10,00 L, coo
" cut-off wall . . . . . 1,400 c.y. 16,00 22,400
Reinforeing steel. . . , . . . . . 900,000 lbs, ¢.0R 45,000
Approach bridge to gatenouse . . . lump sum - 1G, 006
Trash bars (ingtalled) . . . . . . lump gun - 3,000
Gntes, guides,hoists (installed) .  lump sunm - 30,000
Crane . . .+ lump sum - 5,000
Cperating house ouporstructurp - Tump sum - 20,000
Access road, bridge, etc. . . . . lump sum - a0, 000
Topsoil ond secding . . . . . 1ump sum - R, 0O
Improvements 1o Piscatagquog Rqur lump sun - 30,000
Migcellaneous items . . . . . . . lump sum - 30,000
Sub-Total $1, 545,000
Ingineering, Inspection, Overhend & Gontxngon01es (35%+) 540, 000
TOTAL CONSTRUCTION COST -~ EVERETT DAl $2,085, 000

e o T T L T T AL
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Vi

VII

TEST BOPKINTON WEST HOPKINTOMN AEST HOPEINTON
Unit . Spillway Dike E-2 Dike H-7%

Item Unit_iPrice GQuantity | Total Cost Quantitv {Total Cost [Suantity | Total Cost |
Clearing and grubbing lump sum $ 5,400 $ 12,000 $ 7,000
Stripping e.y. 1$ b0 £0,000 32,000 71,000 22 ,hoo 66,000 26,400
Common excavation under dikes C.ye. 4o 4¢,000 16,000 66,000 26,400
Ccmmon excavation - spillway c.Yy. L0 F bl ooc 133,200
Rock excavation - spillway C.7 1.90F 304,000 577,600
Pervious borrow Co¥e . 200,000 3¢,000
Rolling - pervious fill C.¥. .12 184,000 22,080 400,000 48,000
Rolling - impervicus fill c.y. .12 680,000 g1,600 221,000 26,520
Structural backfill c.y. RITe) 5,000 2,000
Sand & gravel toe & backing C.¥. 1.20 31,000 37,200 26,000 31,200
Screened gravel c.y. 2.00 %00 1,000 19,000 38,0C0 29,000 ”hE,000
Dumped rock (placing only) c.Y. .50 3,000 1,500
Dumped rock (placing only) C.¥ Jis | 72,000 32,100
Dumped rock (placing only) c.¥. .35 16C,000 56,000
Hand-placed riprap Cuy. 2.50 1,100 2,750 3,400 2,500
Seeding and topsoil lump sum 2,00C 10,000
Line drilling s.f. 1.00 12,000 12,000
Drilling holes for grouting 1.1, 1.C60 2,500 2,500
Pregsure grouting c.tf. 1.25 2,500 3,120
Concrete — spillway weir C.Ye 14,00 10,600 1bg, 400
Cencerete - spillway retain-

ing walls c.Y. 13,00 13,500 175,500
Reinforcing steel 1bs. 051 200,000 10,000
Drainage canal above spillway C.¥. .50 6,000 3,000 f
Miscellanesus items 27,030 18,320 ! 1h,980C
Sub-Total i $1,139,000 $376,000 $304,00C
Engineering, Inspection,Overhead & Contingenciles (35%+) 399,000 132,000 106,000
TOTAL CONSTRUCT IOX COST $1,538,000} $508,000 $11.0,00C




"9(1“

— VIiil IX
' ’, FAGES CORNER P4GES CORNER
: . Unit Dike P-1 Dike P-2 i
Iten Yniv | Price § Quantity | Total Cost § Quantity ! Total Cost |
Clearing and grubbing lump sus $ 7,000 i$ 1,900
Stripping c.ve % 3(0) ,000 22,500 19,000 $,500
Common excavation C.Ye . 14,000 5,600 6,400 2,560
Pervious bOTTOW c.y. 4o 1 275,000 110,000 55,000 | 38,000
Impervious borrow c.y- 4o 162,000 oh, 800
Rolling - pervious fill eV .12 255,030 70,500 85,000 10,680
Rolling - impervious fill c.y .12 | 150,000} 18,000
Sand and gravel c.v. | 1.20 2,600 1 51,100 19,200 | 23,040
Dumped riprap (hauling and placing) Co¥ e 1.0C 27,000 27,000 11,130 11,100
Hand-placed riprap C.¥- 3,00 2,800 8,400 1,200 3,600
Seeding and topsoil I Jump sum ! , 000 1,500
Misecellaneous items | ! ,000 2,120
Sub-Total $354,000 $104,000C
Engineering, Inspection, Overhead & Contingencies {35%+) 124,000 36,000
TOTAL CCNSTRUCTION COST $478,00C £140, 000




. X L R ¢ ¢
{ CA¥AL NO. CANAL NO. 2

Itenm Unit Quantity :Unit Pricej] Total Cost jQuentity | Unit Price IlTotal Cost

| Clearing acres 15.4 {$ 130.00 $ 2,000 160§ $ 130,00 $ 20,800
Common excavation Ca¥e 1,440,000 <30 U422 000 1,500,000 .30 450,000
Rock excavation c.y. g4, 00C 2.15 180,600
Dumped riprap c.y. 91,000 .70 63,70C 50,000 .50 23,000
Concrete -~ weir c.y. 4,500 12,00 54,000
Line drilling s.f, L coe 1.C0 4,000
Drainage culverts lump sum 15,000
Seeding ~nd topsoil acres lump sum 11,000 l lump sum "o, 000

Sand and gravel backing Coif 42,000 1.30 54, 600 ]

Miscellaneous items 11, 70C | 28,600
Sub-Total $575,000 $ €28,000
Engineering, Inspection, Overhead & Contingencies {35%+) 201,000 290,000
TOTAL CGHSTRUCTION COST $776,000 $1,118,000 |




1.

SUMMARY

Land, Rights-of-Way, and Relocations . . . . . ..

Construction Costg

II. Reservoir Clearing . . . . . . . $ 196,000
III, W. Hopkinton Dam . . . . . . . . 725, 000
I¥, Everett Dam . . . . c e .. . 2,085,000
V. W. Hopkinton Splllway . v« . . . 1,538,000
VI, Dike H-2 . . ., . . c e e e K08, 000
VII. Dike H3 . . . v « v « o o 4 « & 410,000
VIII. Dike Pl . . . . <« . ¢ « « « . . 478,000
IXZ. Dike P=2 & . v v v 4 v v v e a s 140,000
Xe Canal Moo 1 .+ v v v ¢ v ¢ 4 4 . 776,000

XI., Canal ¥o. 2 . . .

1,118,000

Sub=-Total, Construction Costs

$ 3,325,000

$ 7,975,000

TOTAL ESTIMATED COST $11, 300,000
Cost per acre-foot of total storage = $72
COMPUTATION OF AMNUAL CARRYING CHARGES
Federal Invegtment
Total First Cost
(a) Structures with 50-yr. life . . . +« . . . $11,109,650
(v} Equipment with 25-yr. life . $ 190,350
Interest During Construction - 3% for 1-1/2 yrs.
(a) On structures with 50~yr. life . . . . . . $ 500,350
(b} On equipment with 25%yr. life . . . $ 8,650
Total Inveatment
(a) Structures with 50~yr. life . . . $11, 610,000
(b) Equipment with 25—yr. life . . . . 199, 000
{(c) Total . . . . . e e e $11, 809, 000
Annual Charges
Interest on Investment -~ 3=-1/2% . . $413,310
Anortization
(a) Structures with 50-yr. life - .763% . 28,580
(b) Equipment with 25-yr. life - 2.567% 5,110
Operation and Maintenance . . . . 10,000
Total Annual Charges . o + + .« . . $517,000

Cénstructlon Period -~ 3 Years.
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